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IBM ELECTRONIC MULTIPLIER 
TYPE 603 

INTRODUCTION 


The conventional multiplying machine using 
mechanical counters for the computation of pro¬ 
ducts is considerably limited in its speed of oper¬ 
ation because of the inertia of moving parts. By 
the use of electrical computation circuits, calculat¬ 
ing speeds can be increased considerably. The Elec¬ 
tronic Multiplier makes use of recently-developed 
electronic circuits which perform calculations at 
extremely high speeds. Thus the burdensome and 
usually slow-speed process of computing products 
is reduced to an automatic high-speed process in 
keeping with the other high-speed functions of the 
IBM Accounting Machine Method. Calculations 
involving earnings, material costs, discounts, in¬ 
ventories, and many other computations can be 
effected automatically to speed up the accounting 
routines which normally require much time and 
effort. 

The Type 603 Electronic Multiplier consists es¬ 
sentially of a unit for reading and punching and 
an electronic computing unit connected by a cable 
as shown by the general view of the machine on the 
frontispiece. The factors punched in an IBM Card 
are read by the reading unit, computations are 
automatically made by the electronic computing 
unit, and the result is then punched in the same 
card by the punching unit. No time is lost wait¬ 
ing for the completion of the computing oper¬ 
ations; all computations are performed between 
the time a card leaves the reading brushes and the 
time it reaches the punching position. The mach¬ 
ine is equipped with a control panel which makes 
it entirely flexible as to the reading and punching 
of information. 

The IBM Electronic Multiplier, Type 603, repre¬ 
sents the first commercial use of electronics for 
multiplication. The use of electronic circuits for 
computing permits operation of this multiplier at 
maximum punching speed of 6000 cards per hour. 
The multiplication itself is performed in .027 sec¬ 


ond, between the reading and punching of each 
card. 

OPERATING FEATURES 

The operating controls and features of this ma¬ 
chine, which can be seen in Figure 1, are all located 
on the punch unit. 

Main Line Switch 

This switch must be on for the machine to be 
operative. It must not be turned off while cards 
are feeding through the machine. 

Power Indicating Light (Green) 

When this light is on, the machine is ready for 
operation. It will not turn on until sufficient time 
has been allowed for the electronic tubes to warm 

up¬ 

start Key 

This key is depressed to start the feeding of 
cards at the beginning of a run. It must be held 
down through three machine cycles, when first 
starting, before automatic operation begins. 

Stop Key 

This key is depressed for manual control of stop¬ 
ping the feeding of cards while the machine is 
through running. 

Error Indicating Light (Red) 

This light glows when an error is detected by the 
Double Punch and Blank Column Detection De¬ 
vice, or when a product exceeds the card field 
capacity as indicated by the Product Overflow 
feature. 

Error Reset Push Button 

This button is depressed to extinguish the error 
light and restore the machine to normal operation, 
after the machine has stopped because of an error. 
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Figure 1. Operating Features 


Factor Reversal Switch 

When set on, this switch automatically reverses 
the multiplier and multiplicand entry hubs. It is 
used in checking operations. 

Card Hopper 

Cards are placed in the card hopper face down, 
9 edge first. The capacity of the hopper is approxi¬ 
mately 800 cards. 

Card Stacker 

After leaving the last set of brushes, cards enter 
the stacker which has a capacity of approximately 
1000 cards. If the stacker fills to capacity, the 
machine will be stopped automatically by the 
stacker stop switch. 


Speed 

The operating speed of this machine is 100 cards 
per minute regardless of the number of columns 
punched and the size of the multiplier or multi¬ 
plicand fields. 

Current 

This machine is supplied to operate only on 115 
volts or 230 volts A.C., 50 or 60 cycle current. 

Control Panel 

The automatic control panel provides a means 
for flexible setup of the machine for all operations. 
Figure 2 shows a control panel with the function 
of each hub described. 
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Figure 2. Control Panel—Explanation of Hubs 




FUNCTIONAL 

Multiplication 

The Electronic Multiplier can multiply two 6- 
digit factors to produce a 12-digit product. Fig¬ 
ure 3 shows control panel wiring for an individual 
multiplication problem. The multiplier and mul¬ 
tiplicand are read from the card at the first read¬ 
ing station, represented on the control panel by 
the 80 exits labelled "Read for Entry and Con¬ 
trol.” They are wired to the multiplicand and 
multiplier counter entries. The product is avail¬ 
able for punching at Product Exit. The product 
exit positions from which the product is read must 
be wired to the Punch Entry hubs representing the 
columns in which the product is to be punched. 

Decimals 

When either of the two factors contains deci¬ 
mals, the decimal positions in the product will 
equal the sum of the decimal positions of the fac¬ 
tors. Only those decimal positions which are to 
be retained in the product are wired from Product 
Exit to Punch Entry. 

One-Half Correction 

When some decimal places are dropped from a 
product, the product can be corrected to the near¬ 
est whole number or decimal position by adding 
5 to the first position following the retained pro¬ 
duct. In the Electronic Multiplier, this / 2 cor¬ 
rection can be made in any of the six right-hand 
positions of the product counter. On the control 
panel, l / 2 entries are located directly above the 
product exits, and the / 2 entry common is ad¬ 
jacent. The 5 for / 2 correction will be entered 
into the product counter during multiplication, 
once for each card. 

Double Punch and Blank Column Detection 

The Electronic Multiplier is equipped with 10 
double punch and blank column detection posi¬ 
tions. Ten additional positions are available on 


PRINCIPLES 

order. These positions are represented on the con¬ 
trol panel by the hubs labelled "Double Punch and 
Blank Columh Entry.” These hubs are supple¬ 
mented by 10 control panel switches labelled 
"Blank Column Switches” which correspond to the 
10 DPBC entry hubs. The blank column switches 
must be set on for blank column checking. 

Multiplication Check 

In order that the double punch and blank col¬ 
umn feature may be used for checking multipli¬ 
cation, it should be used on each original multi¬ 
plying run to prove that only one hole has been 
punched in each product column and that no col¬ 
umns are unpunched. For this purpose, the product 
field columns in Read for Checking should be 
wired to Double Punch and Blank Column Entry, 
as shown in Figure 3. 

When the punching has been checked in the 
original run, the double punch and blank column 
detection feature may then be used in a separate 
run to prove the calculation. The cards are re-run 
through the machine with the wiring of the mul¬ 
tiplicand and multiplier counters reversed by plac¬ 
ing the factor reversal switch on. During this 
second operation the machine again multiplies and 
punches the result in the product field. With the 
product field wired from Read for Checking to 
the DPBC Entry, any product punched in this 
re-run which differs from the original product will 
cause a double-punched column and will therefore 
be sensed by double punch detection. If an error 
is detected, the machine will stop and turn on the 
red light at the front of the machine. The reset 
button must be depressed to turn the light out. 
The start key must then be depressed for one card 
cycle, at the end of which time the card in error 
will be in the top position in the stacker and may 
be removed for review. 
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Figure 3. Multiplication 
A X B = P 

1. The multiplier held (two decimal places) is entered in 
the multiplier counter. 

2. The multiplicand held (four decimal places) is entered 
in the multiplicand counter. 

3. Only two decimal positions are retained in the product; 
5 is added to the third decimal position to correct the 
product to the nearest whole cent. 

4. The product (two decimal places) is punched in col¬ 
umns 76 — 80. 


Wiring for checking is the same as for the orig¬ 
inal run; the only difference is the reversal of the 
factors by the factor reversal switch. 

Group Multiplication 

The Electronic Multiplier can be used for group 
multiplication, in which one factor remains con¬ 
stant for all cards in a group. The common factor 
for group multiplication in the Electronic Multi¬ 
plier must be wired to the multiplier counter. (The 
multiplicand counter may be used to carry the 
group multiplier if the factor reversal switch is 
set on.) The multiplier must be punched in a 
card designated by a 9 punch and placed at the 
front of each group. The multiplier counter will 
not reset until a group is finished and the special 
multiplier card for the next group is about to be 
read. 

For group multiplication, the group multiplier 
control panel switch should be wired ON. The 
column punched 9 in the group multiplier card 
must also be wired from Read for Entry and Con¬ 
trol to one of the group multiplier pickups labelled 
"9”. The reading of a 9 by the pickup causes the 
machine to reset the multiplier counter, read in the 
new multiplier, and eliminate punching and check¬ 
ing of the rate card. 

With the group multiplier switch wired on, the 
reading of the 9 by the pickup hub causes only the 
multiplier field to be read from the group multi¬ 
plier card and only the multiplicand field to be 
read from the detail cards. The basic wiring for 
group multiplication is the same as for individual 
multiplication. The additional wiring required is 
shown dotted in Figure 3. 

Product Overflow 


5. The punched product held is checked for double punch¬ 
ing. 

6. The punched product held is checked for blank columns. 

7. For group multiplication, this dotted wiring should be 
added. 

8. Only 5 positions are allowed on the card for punching 
the product. If a product carries to six positions, a 12 
is punched in card column 70. 


Often the number of columns set aside on a 
card to punch the product of a multiplication is 
not large enough to permit punching the largest 
products. However, if only a very small percent¬ 
age of the total number of cards exceeds the capa¬ 
city of the field, it may not be worth increasing 
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the size of the card field, thereby limiting the 
number of columns available for other punching. 
To take care of such cases, the product overflow 
feature is furnished on this machine. 

To place the product overflow feature in opera¬ 
tion, the product counter position next to the 
highest order wired to punch is wired to the Pro¬ 
duct Overflow Entry hub. As long as the product 
counter position wired to Product Overflow con¬ 
tains 0, nothing happens. Any digit from 1 
through 9 in this position causes the error light to 
glow and the machine to stop when the card in 
error is just ready to enter the stacker. 

Since the error light is used for other error sig¬ 
nals, it is desirable to distinguish between errors 
and overflow products. This is accomplished by 
punching a 12 hole in a card in which the product 
exceeds the card field capacity. To punch the 12, 
the Product Overflow 12 hub is wired to any 
punch magnet, and a 12 hole will be punched in 
the overflow card. 

With this arrangement, a card is examined after 
an error light, and if a 12 hole is punched, it is 
apparent that the error was due to an overflow 
product. This card can then be processed man¬ 
ually. 

The necessary control panel wiring is shown by 
wiring 8 in Figure 3. A 12 is punched in column 
70 of the card with an overflow product (Figure 

3). 
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Figure 4. Use of Product Summary and Column Splits 


1. The multiplier field is entered in the multiplier counter. 


Product Summary 

Often it is desired to accumulate several pro¬ 
ducts before punching. This permits special oper¬ 
ations, such as crossfooting on two cards, punching 
the sum of several products, etc. To accomplish 
this it is necessary to prevent reading out and clear¬ 
ing of the product counter. 

The product summary feature is placed in opera¬ 
tion by wiring the prod sum control panel switch 
on. This feature may be either No X or 
X controlled. Digit control is also provided. If 
it is desired to punch the product only in X 


2. The multiplicand field is entered in the multiplicand 
counter. 

3. The product is half corrected by adding 5 to the 3rd 
position. 

4. The product is punched in card columns 54 - 60 sub¬ 
ject to the Product Summary Wiring. 

5. The Product Summary feature is placed in operation. 

6. X punchings in the cards to be punched with the 
products are sensed. 

7. When an X-punched card passes the die, the product 
is punched in the card and the counter is cleared. 

8. An X is punched in column 80 and an O in column 1, 
in all cards by means of the O and X and Column Split 
features. 
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punched cards, the control panel wiring would be 
as shown in Figure 4. The standard wiring of the 
multiplicand, multiplier, half-entry, etc. remains 
the same as before. Of course, blank column check¬ 
ing cannot be done in this case because many of 
the cards are blank. However, double punch 
checking may be used if desired. 

If it is desired to punch in No X (or digit) 
cards, the N hub is wired to the prod SUM hub, 
below it. In this case X punched cards will not 
be punched, and the product will not clear. 

A blank card with the proper control punching 
must precede a product summary run to insure the 
clearing of the product counter provided a pro¬ 
duct summary run is made immediately after turn¬ 
ing the machine on. This card will insure the clear¬ 
ing of any random figures from the product 
counter, resulting from turning the power on. On 
normal runs this is not necessary because the pro¬ 
duct counter is cleared before starting the first 
computation. 

The 1 hub, which emits a 1 impulse during each 
card cycle, may be used as a unit multiplier for 
special crossfooting operations from card to card 
in connection with the product summary feature. 

Column Splits 

Two positions of column split are available as 
standard on this machine. The 0-9 hubs of the 
column split are connected with the C hubs from 
9 through 0 of the card, and the 11-12 hubs are 
connected with the C hubs from 11-12. This de¬ 
vice permits an X or 12 punching over a 0-9 digit 
to be recognized independently or to be ignored. 

Wiring 8 on Figure 4 shows a typical use of the 
column split device in connection with the 0 and 
X hubs for automatic punching of X’s or 0’s. 

Punch Suppression 

If it is desired to suppress punching in a card, 
the card is either X punched or punched with a 
control digit in a specified column. The control 
punching then causes the suppression of punching 


on that card with proper wiring of the control 
panel. No X (or digit) control is also furnished, 
so that the control punching can appear on the 
cards to be punched. This feature permits stan¬ 
dard group (or interspersed) gang punching oper¬ 
ations on this machine. 

The use of the punch suppression device in con¬ 
nection with two special features, the distributor 
and a class selector, is shown in Figure 5. In this 
example, an offset interspersed gang punching op¬ 
eration is being performed. 

If No X (or digit) control is desired, the N hub 
is wired to the pch sup hub below. This setup 
causes only X (or digit) punched cards to be 
punched. Master cards would not be punched 
with a control punching. 

Class Selectors (Optional) 

Class selectors are optional features on this ma¬ 
chine. Two class selectors may be installed on 
order. 

The selectors are arranged for either X or D 
pickup and for normal or delayed operation. If it 
is desired to transfer the selector during the cycle 
following the reading of the X (or digit), the gr 
plg is wired to the Exit 1 hub. Wiring the gr plg 
to the Exit 2 hub causes the selector to transfer 
during the second cycle following the reading of 
the X or D hole. 

Figure 5 shows an example of class selector 1 
picking up from a 3 punch in column 80 and 
transferring during the second cycle following the 
reading of the 3. 

Distributor (Optional) 

A conventional 12-segment distributor can be 
installed as an optional feature on this machine. 
The distributor can be used as a digit emitter by 
wiring the CB hub to the distributor C hub. The 
individual hubs of the distributor then emit timed 
impulses corresponding to the hub label. 

The distributor can also be used as a digit selec¬ 
tor by wiring from the brushes to the C hub of the 
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Figure 5. Use of Class Selector for Offset Gang Punching 


1. A 3 in column 80 is sensed for punch suppression con¬ 
trol and class selector pickup, using a digit selector. 

2. Punching is suppressed as the 3-punched card passes 
the die and stripper. 

3. The class selector 1 transfers while the 3-punched card 
passes the second set of brushes. 

4. The No X card following the 3-punched card is punched 
in card columns 56 - 60 from columns 21 — 25. 

5. All No X cards gang punch in columns 56 - 60. 


distributor. Then only the desired digit in any 
card column can be recognized by proper wiring 
of the 9-12 hubs of the distributor. Figure 5 shows 
the distributor used as a digit selector. 


Sign Control (Optional) 

Sign control permits determination of the sign 
(plus or minus) of a product by analysis of the 
sign of its factors. Two factors having the same 
sign produce a positive product, but if one factor 
is positive and the other negative, the product will 
be negative. 

For multiplication, factors should always be 
punched as true figures whether their sign is plus 
or minus. In an IBM card the minus sign may be 
indicated by an X punch. Any column may be 
used for the X punch, indicating the sign of a fac¬ 
tor, but preferably it should be the unit column of 
the factor field. 

Wiring for sign control is shown in Figure 6 . To 
place the sign control feature in operation, the sign 
ctrl control panel switch must be wired on. 
There are two sign control pickups on the control 
panel, labelled mcx (multiplicand X) and mpx 
(multiplier X). One of the two common hubs, 
mcx should be wired from the column in Read for 
Entry and Control containing the minus X for 
the multiplicand. One of the two common hubs 
mpx should then be wired similarly for the multi¬ 
plier minus X. 

If only one of the sign control pickups reads an 
X, the product should be negative. The machine 
will punch the product in true figures, and to 
designate the product as negative, will punch an 
X in the units column of the product field. To 
punch the minus X in the units column, the units 
position of the product field must be wired from 
the prx pch hub to the Punch Entry hub (Fig¬ 
ure 6 ). The wiring is taken through the column 
split to permit X punching over the units digit. If 
it is desired, the negative product X may be 
punched in any column of the card. 

Sign Control Checking 

When sign control is used in the original calcu¬ 
lation, with a negative product indicated by an X 
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(All X’s identifying negative amounts punched over 
units position of corresponding field.) 


1. The multiplier factor is entered in the multiplier coun¬ 
ter; the units position is brought through the MPX 
hubs to recognize negative multipliers. 

2. The multiplicand factor is entered in the multiplicand 
counter; the units position is brought through the MCX 
hubs to recognize negative multiplicands. 

3. The product is punched in card columns 74 — 80, the 
units position is taken through the column split to per¬ 
mit both a digit and the sign control X to be punched 
in the units position. 

4. An X identifying a negative product is punched in the 
units position of the product field through the column 
split. 

5. An X identifying a negative product is read when sign 
control checking only. 

6. The product is checked for double punchings and blank 
columns; the units position of the product is taken 
through the column split hub because of the X punched 
over the units position in negative products. 


Figure 6. Multiplication and Checking with Sign Control 

+A X +B = +P 


punch, the punching of this minus X for the pro¬ 
duct may also be checked during the re-run. In 
the re-run, the wiring of the two sign control pick¬ 
ups, as well as wiring of the entries to multiplicand 
and multiplier counters, is reversed by the factor 
reversal switch. To check the minus X punch in 
the product, the units column of the product field 
from Read for Entry and Control is wired to one 
of the two common hubs labelled prx chk (Fig¬ 
ure 6). These prx chk entry hubs should read an 


X when only one of the two sign control pickups 
has read an X. If one of these conditions occurs 
without the other, an error condition will be indi¬ 
cated. 

When checking multiplication with sign con¬ 
trol for double punching, the X punched for nega¬ 
tive products must be eliminated from the double 
punch check, if it is punched over the product 
field. This is done by means of the column split 
device as shown in Figure 6. 




MECHANICAL PRINCIPLES 


A study of the mechanical principles of this ma¬ 
chine is limited to the read and punch unit, because 
the only mechanical units on the electronic unit 
are the blowers. Only the location of parts on the 
electronic unit will be given in this section. The 
read and punch unit is essentially the same as a 
gang summary punch, and covers are removed in 
exactly the same manner. 

Location of Parts 

The five general views of the read and punch 
unit in Figures 7 through 11 show the location of 


all parts and units which are visible at a glance. 
Certain other features not readily visible must be 
illustrated schematically. 

The front view (Figure 7) shows the card lever 
contacts which are mounted on a plate at the front 
of the machine. The contacts have been placed 
outside for convenient access, although the card 
levers remain in the same relative location as in the 
gang summary punch. Also visible from the front 
is the cam contact unit located directly under the 
hopper and a portion of the tube power supply 
chassis located on the lower base. The tube power 
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Figure 7. Read and Punch Unit—Front View 
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Terminal Punch 
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Figure 8. Read and Punch Unit—Right Side View 


supply chassis extends across the entire depth of 
the lower left section of the punch unit. The rest 
of the power supply chassis can be seen in Figures 
10 and 11. 

The right side view (Figure 8) shows the punch 
magnet terminal connections. It will be observed 
that these connections are the reverse of standard 
gang punch connections. This is because the cards 
are fed into this machine face down, 9 edge first. 
Relays are mounted on the right side only if the 
class selectors and sign control features are in¬ 
stalled. The cable connector which provides a con¬ 
venient means of electrically connecting the read 
and punch unit to the electronic unit is a standard 


connector used on summary punches. To permit 
access to the rear of the cable connector, the frame 
on which the cable connector and the selenium 
rectifier arc mounted can be swung down if the 
latch holding the frame in place is released. The 
selenium rectifier shown below the cable connector 
is a full-wave rectifier which supplies 40 volts D. C. 
in conjunction with the main transformer for the 
operation of the relays and punch magnets in the 
punch unit. The filter capacitors for this rectifier 
are mounted on the left side. 

The left side view (Figure 9) shows the cam 
contact unit which is mounted under the card hop¬ 
per. There is space for S2 cam contacts in this 
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Figure 9 . Read and Punch Unit—Left Side View 


unit, numbered from front to rear, top to bottom. 
However, no cams beyond P41 are used, and al¬ 
though cams 9 , 13, and 15 are not used, they retain 
their numbers. The 12 amp fuses and 20 amp 
fusetrons shown at the top of the fuse panel are in 
the main transformer circuit. The glass fuses are 
in the punch circuits and in the tube power supply 
circuits. The conventional arc-suppressing capaci¬ 
tors are mounted between the relay brackets and 
above the half-wave selenium rectifier. This selen¬ 
ium rectifier, together with its filter capacitors and 


bleeder resistor shown below the rectifier, supplies 
140 volts D. C. for the read-out power tubes in 
the electronic unit. The four 2000 mfd. capacitors 
shown below the 140 volt D. C. selenium rectifier 
are the filter capacitors for the 40 volt D. C. sup¬ 
ply. The double punch and blank column detection 
relays 37 through 57 are mounted on the left rear 
gate. If 10 additional positions of DPBC detection 
are installed, relays 58 through 77 are mounted 
just to the left of R37-R57. 
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Figure 10. Read and Punch Unit—Rear View 


The rear view in Figure 10 shows the mechan¬ 
ical features visible from the rear as well as the 
main transformer and the tube power supply chas¬ 
sis. The tube power supply furnishes D. C. volt¬ 
ages of 100 volts, 150 volts, and 250 volts for the 
operation of tubes in the electronic unit. The main 
transformer supplies A. C. of proper voltage to the 
40 volt and 140 volt selenium rectifiers; it also 


supplies the filaments of all tubes except the gas- 
filled rectifier tubes. 

In the close-up view of Figure 11, a better pic¬ 
ture of the main transformer and tube power sup¬ 
ply chassis is shown. Note particularly the system 
for numbering terminals on both the transformer 
and the power supply chassis. The EL-3C and 
EL-1C tubes are gas-filled full-wave rectifier tubes, 
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Figure 11. Closeup of Main Transformer and Tube Power Supply Chassis 


while all other tubes on the chassis are vacuum 
tubes of the type indicated. All other components 
in the power supply circuit are mounted under¬ 
neath the chassis. 

Figure 12 shows schematically the location of 
the brush assemblies, die and stripper assembly, and 
the card levers. The hopper card lever is located 
directly under the hopper. The punch brush 1 
and die card levers are mounted on the front side 
frame. The former is located directly under the 
punch brush 1 contact roll while the latter is 
located under the second set of feed rolls. The 
punch brush 2 card lever is mounted directly 
above the punch brush 2 contact roll. However, 


all card lever contacts are mounted on a plate at 
the front of the machine as shown in Figure 7. 

Note from Figures 13, 14 and 13 that there are 
no relays in the electronic unit. Figure 1 5 shows 
the gates open with all connections accessible. The 
general function of each tube chassis is given, but 
no effort will be made to discuss these further un¬ 
til the section on Electrical Principles. The switch 
and push buttons shown in Figure 1 5 are not ac¬ 
cessible unless the large gate is open; they are in¬ 
tended solely as an aid in servicing the unit. The 
blowers shown are provided to cool the tubes. Over 
1200 watts of heat from the filaments alone must 
be dissipated. One blower is provided for each 
side of the electronic unit. 
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Figure 12. Schematic of Read and Punch Unit 
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Figure 13. Electronic Computing Unit—Front View 
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Figure 14. Electronic Computing Unit — Rear View 


Drive Mechanism 

Power to drive the read and punch unit is fur¬ 
nished by the drive motor which can be seen in 
Figure 8. The drive motor transmits power to the 
gear housing through a V belt and pulley. Prac¬ 
tically all mechanisms are under control of the 
punch clutch. All feeding operations are under 
further control of the intermittent feed clutch 
(geneva clutch). Figure 16 shows schematically 
the various units under the control of the two 
clutches. When only the motor operates (with 
neither clutch engaged), the drive pulley rotates 
and drives the drive pulley shaft to which the pul¬ 
ley is keyed. Attached to this shaft inside the 
gear housing are two gears, the geneva drive gear 
and the eccentric shaft drive gear. The mechan¬ 
isms and gear trains inside the gear housing may 
be seen by removing the top cover from the hous¬ 
ing. (Caution: Do not operate the machine under 


power with this cover off because oil will be 
thrown out of the housing.) The eccentric shaft 
drive gear operates the eccentric shaft which in 
turn transmits motion to the punch bail. (The 
operation of this bail is discussed in connection 
with the principle of punching.) The geneva drive 
gear operates the geneva and geneva pawl and also 
the punch clutch idler gear and shaft. On the out¬ 
side of the idler gear shaft is pinned a small gear 
which drives the index gear (Figure 10). The 
punch clutch one-tooth ratchet is a part of the in¬ 
dex gear assembly and rotates continuously as long 
as the motor is in operation. The index gear and 
ratchet rotate on the punch clutch shaft but are 
not pinned to it. 

In order to place the rest of the machine units 
in operation it is necessary to unlatch the punch 
clutch pawl from its armature and allow it to en¬ 
gage in the continuously running one-tooth ratch¬ 
et, which is a part of the index gear assembly. 
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Figure 15. Electronic Computing Unit with Gates Open 



Figure 16. Schematic of Drive Mechanism 
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When the clutch pawl engages the one-tooth 
ratchet, the punch clutch shaft turns with the 
ratchet. The gear mounted on the outside end of 
the punch clutch shaft in turn drives the P-cam 
shaft, on which are mounted the P-cams. Within 
the gear housing there are two sets of comple¬ 
mentary cams pinned to the punch clutch shaft. 
One set of cams operates the feed knives and the 
other set controls the engaging of the geneva clutch 
pawl with its ratchet. The geneva ratchet is nor¬ 
mally stationary; but when the geneva pawl en¬ 
gages with it, the ratchet is driven by the geneva, 
which imparts an intermittent motion to this 
ratchet. Riveted to the geneva ratchet is the 
ratchet gear which serves as the drive gear for all 
feed rolls, contact rolls, and the stacker roll. Since 
all these rolls are driven from the geneva, they all 
turn intermittently. The intermittent movement 
is necessary to have the card in a stationary posi¬ 
tion while punching. (This is discussed in more 
detail in the section on the Geneva Mechanism.) 
Only the upper feed rolls and the punch brush 
2 contact roll are driven from the gear train 
in the housing. The lower feed rolls are driven 
by their corresponding upper rolls through gears 
at the front of the machine. Also, the punch brush 
1 contact roll is driven from the first upper feed 
roll. The stacker roll is driven by a gear train from 
the last feed roll. 

Punch Clutch 

The punch clutch shown in Figure 17 is of the 
one-tooth ratchet type commonly used on EAM 
equipment, and its operation should be thoroughly 
understood. The principal parts of the clutch are 
a continuously running one-tooth ratchet, a clutch 
pawl, a latching mechanism, and a magnet. The 
magnet provides a means of electrically controlling 
the operation of the clutch. The clutch magnet 
armature serves as the latching mechanism to latch 
the pawl and keep it from engaging in the ratchet. 

When the magnet is energized, the armature is 
attracted and the pawl is released or unlatched. The 


One Tooth Ratchet 



Figure 17. Clutch 

pawl spring causes the pawl to pivot in a clockwise 
direction and engage the one-tooth ratchet when 
the ratchet tooth reaches the pawl. The pawl pivots 
on a stud riveted to the clutch pawl arm which is 
pinned to the punch clutch shaft. Thus, when the 
pawl turns with the ratchet, the shaft must also 
turn. Once the pawl is unlatched, it must make 
one complete revolution before it can be relatched 
since there is but one latching point. For this rea¬ 
son it is necessary to keep the armature attracted 
only long enough to allow the pawl to engage the 
ratchet. When the pawl reaches the end of its 
cycle, the armature has been returned to its normal 
position by the return spring and the tail of the 
pawl strikes the armature, causing the pawl to be 
cammed out of mesh with the one-tooth ratchet. 
When the pawl has been cammed out of mesh, the 
keeper drops behind the clutch pawl arm and pre¬ 
vents the clutch shaft from turning backward. 
Without the keeper, the shaft might turn back¬ 
ward because of the rebound; then the pawl would 
drop against the ratchet and catch on the tooth 
once each cycle. This nipping action has a ten¬ 
dency to round off the edge of the one-tooth 
ratchet. This is objectionable because a rounded 
edge on the ratchet tooth may cause the pawl to 
pull out of mesh under load. 
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Feeding Mechanisms 

The purpose of the feed knives is to feed one 
card through the throat into the first set of feed 
rolls for each revolution of the punch clutch. The 
feed rolls then carry the card past the brush sta¬ 
tions and punching station to the stacker. The 
knives are driven back and forth by gear sectors 
which mesh with the feed knife racks. The gear 
sectors are pinned to a shaft which oscillates under 
the control of a complementary cam and follower 
mounted on the punch clutch shaft (Figure 18). 

When a card is fed from the magazine, it is fed 
between the first pair of feed rolls. The feed rolls 
operate intermittently, hence they will be station¬ 
ary during a portion of the time a card is being fed 
between them. The feed knife carries a card up 
to the first feed rolls while the feed rolls are sta¬ 
tionary. To insure that the first feed rolls will 
pick up the card, the knife buckles the card slight¬ 
ly just before the feed rolls start turning. 

As indicated in Figure 16, the card passes 
through four sets of feed rolls on ics way to the 
stacker. The upper feed rolls are mounted in fixed 
bearings while the lower feed rolls are provided 
with pivoted bearings to allow separation of the 
rolls when a card is fed between them. Feed roll 
tension is provided by a pressure bracket consisting 


of four bearing shoes held against the feed roll 
shaft by compression springs. 

The card also passes two sets of brushes and con¬ 
tact rolls. The brush assemblies are identical ex¬ 
cept for minor constructional differences; each 
consists of 80 individual brushes mounted in a 
brush holder so that they are insulated from each 
other. The contact rolls are made of beryllium 
copper and are geared to turn at a higher speed 
than the feed rolls to provide a wiping action by 
the card. 

Index and Cycles 

In explaining machine operations it is necessary 
to make reference to one operation in terms of 
another. By using an index for a common refer¬ 
ence point this becomes possible. The index gear 
serves as the common reference for all machine 
operations. One complete revolution of the index 
gear is called one cycle. If the punch clutch is en¬ 
gaged, a card would move from the first set of 
brushes to a corresponding position at the die (or 
from the die to the second set of brushes) during 
one revolution of the index. For convenience in 
measurement one cycle is divided into units called 
cycle points. The most logical unit of division is 
the distance between successive punching positions 
on the card. Therefore the distance from the 9 
punching position to the 8 punching position in 
one card represents one cycle point, while the dis¬ 
tance from the 9 punching position in one card to 
the 9 punching position in the following card is 
one cycle. 

There are 12 punching positions on the card. 
Each punching position is % inch from the next, 
therefore, for each cycle point the card moves % 
inch on its path through the machine. Since the 
card is 3/ 4 inches wide, it requires 13 cycle points 
to advance a card past any given point. In this 
machine there is % inch between cards, therefore, 
the cycle consists of 14 cycle points. The teeth on 
the index gear are used for further subdivisions. 
Thus a timing given as 14.1 indicates one tooth 
past the 14 index mark. 
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Geneva Mechonism 


As indicated previously, the feed rolls in this 
machine operate intermittently to allow punching 
of the card. The card must not be in motion while 
the punches are being driven through the card and 
withdrawn. If the card is moving, the holes will 
not be clean cut, but ragged and torn. Since the 
card must be standing still while it is punched, 
then moved to a new punching position fourteen 
times each cycle, the motion is necessarily inter¬ 
mittent. This intermittent motion is obtained by 
means of a geneva mechanism. 

The geneva drive gear is located just inside the 
gear housing and pinned to the pulley shaft. A 
stud and roller fastened to this gear operate in the 
slots of the driven member of the geneva gear 
(Figure 19). 

The hub of the geneva drive gear is a cam sur¬ 
face for approximately two-thirds of its periphery. 
This cam surface holds the feed rolls in a station¬ 
ary position during punching time by locking the 
geneva in position. 

The geneva disc has seven deep slots and seven 
shallow cuts in it. The roller of the drive gear 
operates in the deep cuts in the geneva disc and 
the cam surface rides in the shallow cuts. As the 
drive roller leaves the deep cut of the geneva disc, 
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Figure 20. Geneva Pawl and Ratchet 

the cam surface turns into the low cut and stops 
the geneva disc from turning and holding it until 
the drive gear has rotated to a point where the 
drive roller enters the next deep slot of the geneva 
disc and starts driving. Then the cam surface has 
turned to a point where it releases the disc and al¬ 
lows it to turn freely. The geneva disc turns con¬ 
tinuously as long as the drive motor runs. How¬ 
ever, no motion is transmitted to the feed rolls un¬ 
til the geneva pawl is engaged with its one-tooth 
ratchet. The geneva pawl is pinned to the same 
shaft as the geneva disc. This shaft runs through 
the hub of the one-tooth ratchet and gear. The 
one-tooth ratchet is free on the shaft and does not 
turn unless the geneva pawl is engaged. The one- 
tooth ratchet gear (Figure 20) is meshed with the 
feed roll drive gears. 



Figure 19. Genera Mechanism 


Figure 21. Pawl Disengaging Roller 
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When the punch clutch is not engaged, the gen¬ 
eva pawl rides on the surface of the one-tooth 
ratchet during the greater part of the cycle. When 
the pawl reaches a point opposite the single tooth, 
the tail of the pawl strikes the pawl disengaging 
roller (Figure 21) and is cammed away from the 
ratchet until it has moved past the point where 
it may engage in the single tooth of the ratchet. 
By cranking the machine by hand, it can be noted 
how the pawl disengaging roller prevents the ge¬ 
neva pawl from engaging. From the above, it is 
evident that the operation of the geneva pawl is 
controlled by the pawl disengaging roller. The 
pawl disengaging roller is mounted on a triangular 
plate (Figure 21) which is free to pivot on the 
latch cam roller arm. The latch cam roller arm 
(Figure 22) is operated by the latch cam which 
turns only when the punch clutch is engaged. 
When the punch clutch is engaged, the latch cam 
turns, causing the latch cam arm to rotate in a 
counterclockwise direction. As the latch cam arm 
rotates, the upper end moves to the left and down 
allowing the pawl disengaging roller to move past 
the single revolution timing cam and the geneva 
pawl to engage in the one-tooth ratchet. As the 
cycle is completed, the latch cam causes the latch 



Figure 22. Single Revolution Timing Cam 


cam arm to rotate in a clockwise direction carrying 
the pawl disengaging roller to the right. The rol¬ 
ler strikes the tail of the geneva pawl and disen¬ 
gages the pawl from the one-tooth ratchet when 
the roller is backed by the single revolution timing 
cam. 

Single Revolution Timing Cam 

The geneva disc has 7 cuts in it and moves the 
card one cycle point for each cut. The machine is 
a fourteen point cycle machine; therefore, the gen¬ 
eva disc must make two revolutions per machine 
cycle, which means that the geneva pawl will pass 
the pawl disengaging roller twice during each 
cycle. The purpose of the single revolution timing 
cam is to prevent the feed rolls from stopping in 
a position half way through a cycle. At the end 
of the first revolution of the geneva pawl and disc, 
the flat side of the single revolution timing cam 
should be down (Figure 22). The pawl disengag¬ 
ing roller is free to swing away from the tail of 
the pawl. Therefore, in case the geneva pawl had 
become disengaged from the one-tooth ratchet, it 
would be free to drop into the one-tooth ratchet 
on the next revolution to complete the cycle. This 
assures that the pawl will not be disengaged by the 
pawl disengaging roller until the punch unit mech- 
ansim has reached its proper latching position and 
that the geneva makes two revolutions for each 
cycle. 

Principle of Punching 

The mechanism for punching holes consists of 
80 individual punches, each controlled by an in¬ 
terposer, 80 punch magnets together with arma¬ 
tures and pull wires to control the 80 interposers, 
a punch bail to drive the punches through the card, 
and the eccentric drive shaft and links to operate 
the punch bail. There is a separate punch for each 
card column; any one punch may be required to 
punch any hole from 9 to 12. The cards feed in 
9 edge first, and every 9 to be punched is punched 
at the same time. The card then moves to the 8 
position and every 8 is punched, and so on until 
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Figure 23. Principle of Punching 


all positions have been punched. Thus, all possible 
punching is done in 12 cycle points. 

As previously mentioned, the eccentric shaft 
operates continuously as long as the drive motor is 
in operation. The purpose of the eccentric shaft 
is to convert the rotary motion of the shaft to the 
reciprocating motion necessary to operate the 
punch bail. The punch bail operates up and down 
once for each cycle point. This up and down 
motion is imparted to the punch bail through the 
punch bail connecting links (Figure 23A). When 
the magnet is de-energized, the punch bail may 
move up and down without contacting the inter¬ 
poser; therefore no punching takes place. When 
the punch magnet is energized, its armature is at¬ 
tracted, and through the pull wire the correspond¬ 
ing punch interposer is pulled into engagement 
with the punch bail tongue. Since the punch bail 
tongue operates up and down, it carries the punch 
interposer and the punch connected to it down 
through the cards. On the return stroke, the punch 
is positively withdrawn from the card by the ac¬ 
tion of the punch bail. The purpose of the knock¬ 
off bar is to disengage the interposer from the 
punch bail tongue. As the interposer is returned 


to its normal position, the upper rounded edge 
strikes the knockoff bar and the interposer is cam¬ 
med away from the punch bail tongue. The in¬ 
terposer spring then holds the interposer in normal * 
position. 

Figure 23A shows the bail in its upward posi¬ 
tion before the interposer is moved under it, while 
Figure 23B shows the bail driving the punch down 
through the die. 

Magnet Unit 

The punch magnet unit consists of 80 punch 
magnets along with their armatures and pull wires, 

80 interposers and punches, the die and stripper 
assembly, and the punch bail assembly. Figure 24 
shows a magnet unit with the punch bail and in¬ 
terposer knockoff bar removed. The insert shows 
a closeup of the interposers. 

There are three types of interposer and punch 
assemblies. One type is used in the first column, 
another type in the 80th column, and yet another 
is used in all columns from 2 to 79 inclusive. The 
interposer used in the 1st column is provided with 
a long stud for the eye of the magnet pull wire to 
prevent it from slipping off the stud. The inter- 
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Figure 24. Magnet Unit 


poser used in column 80 is attached to the punch 
to prevent the interposer from slipping off. The 
other interposers, being protected on both sides by 
other interposers, do not require any such precau¬ 
tionary design. The three types are shown in Fig¬ 
ure 25. The interposers are being referred to as 
they are located in the Type 603 punch unit and 
not according to the column of the card as placed 
in the gang punches. It can be seen that the inter¬ 
posers have been relieved to provide a space be¬ 
tween them. This space prevents the interposers 
from sticking together and causing extra holes to 
be punched. The interposers should be kept free 
of foreign particles and gumming oil. 

The magnet unit is held in place by four mount¬ 
ing screws and located by two aligning screws 
(Figure 26). The adjusting screws at the left end 
locate the unit in a vertical position at the left 
end to permit proper fit of the die assembly. The 


Column 2-79 Column j 



Figure 25. Three Types of Interposers 





Figure 26. Magnet Unit—-Top View 


aligning screws locate the magnet unit laterally to 
permit adjustment of the vertical punching regis¬ 
tration. 

Oil Pump 

The oil pump is a simple rotary-vane type pump. 
It is located inside the gear housing on the shaft 
of the small gear which drives the index. It pumps 
the oil from the bottom of the gear housing to the 
top where it is free to run down over the geneva 
and gears. 

The rotor is pivoted off-center in the housing 
as shown in Figure 27. The expansion chamber at 
the inlet provides a vacuum and causes the oil to 
enter the pump from the well below. The com¬ 
pression chamber at the outlet causes oil to be 
forced out at the top. 


Cam Contacts 

The cam contact used on this machine makes it 
possible to obtain any desired duration of contact 
ranging from a fraction of a cycle point to a com¬ 
plete cycle. 

This contact is available in two styles, latching 
and non-latching. The latching style (Figure 28) 
is used for all contacts that operate but once dur¬ 
ing a cycle; the non-latching style is used for con¬ 
tacts which must make more than once during a 
cycle, such as the circuit breakers which feed im¬ 
pulses to the brushes for reading the card. 

All contacts are closed by a lobe on a bronze 
cam which operates against the contact plunger 
and carries it beyond the latching point so that the 
contact latch lever may support the contact 
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Figure 27. Oil Pump Dismantled 



plunger. The unlatching cam may be adjusted to 
any position with respect to the periphery of the 
bronze cam. This cam strikes the contact latch 
lever and unlatches the contact plunger. In this 
manner the contact duration may be adjusted. 

There is a maximum of 41 cams and contacts 
mounted in the P-cam unit numbered from front 
to rear, top to bottom. Cams 9, 13, and 15 are 
not used but they retain their number. The P-cam 
unit is arranged so that it can be swung to the left 
to permit access to the underside of the cams and 
contacts. Care must be exercised when remeshing 
the unit to see that the unit is installed in time with 
the index. 


Figure 28. Contact Cam 




ADJ USTMENTS 


PUNCH CLUTCH 

1. Mount clutch assembly with the three 
mounting screws. 

2. Set clutch latch stop screw for .015" clear¬ 
ance between the latch point and the tail of the 
clutch pawl when the latch is against the latch stop 
screw. Move magnets if necessary (Figure 29). 

3. Set the clutch latch backstop screw for ys ” 
overlap of the latch over the tail of the pawl (Fig¬ 
ure 30). 

4 . Move the magnet coil mounting plate in 
elongated holes to provide for .008" to .010" clear¬ 
ance between the armature and cores when the 
latch is against the stop screw (Figure 31). 

5. There should be .003" clearance between 
the keeper and the clutch pawl arm when the pawl 
is latched. This is obtained by stoning or peening 
the keeper (Figure 32). If the clutch is removed 
and replaced, the clutch plate should be mounted 
with the mounting screws in the center of the 
oversize holes. The other adjustments should 
then be checked. 




Figure 30. Clutch Adjustment 
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Figure 31. Clutch Adjustment 


26 














ADJ USTMENTS 


27 



GENEVA MECHANISM 

Single Revolution Timing Cam 

This cam should be timed so that the flat side 
of the cam is up and in a horizontal position at 
one tooth past 14 on the index. Move the cam 
and gear out on the shaft far enough to unmesh 
the teeth and remesh for above condition (Figure 
33). 

The geneva pawl should be engaged when 
checking this adjustment. 

Single Revolution Timing Cam Bracket 

Loosen the holding screw. Move the bracket 
up or down until the cam holds the geneva pawl 


Single Revolution 
Timing Cam 



Figure 33. Single Revolution Timing Cam and Bracket 
Adjustment 


disengaging roller in position to hold the geneva 
pawl away from the one-tooth ratchet on the gen¬ 
eva gear when the punch clutch is latched up at 
D and the machine is operated by hand. Only the 
raised portion of the tail of the pawl should operate 
against the roller. 

Set bracket so that geneva clutch pawl just nips 
the one-tooth ratchet. Then move the left end of 
the bracket up until the pawl just clears the one- 
tooth ratchet. 

An approximate adjustment may be obtained by 
setting the bracket so that the locking screw is 
about one-third of the way up from the bottom of 
the elongated hole (Figure 33). 

Geneva Clutch 

A two-pawl geneva clutch is used with the 603 
punch unit. This assembly is more positive in its 
action than the single-pawl type, and is inter¬ 
changeable with the geneva clutch assembly on 
all high-speed punches. ' 

Two pawls, one a driving pawl and the other a 
detenting pawl, are used to eliminate the critical 
knockout timing of the clutch. The pawl disen¬ 
gaging roller is not adjustable because it is pinned 
to the bracket. 

PUNCH UNIT 

Belt Tension 

The belt tension is adjustable by moving the 
motor up or down on its pedestal. The belt should 
be adjusted for enough tension to prevent slippage; 
excessive tension, however, will cause the motor 
bearings to overheat and should be avoided. 

Feed Roll Tension 

Feed roll tension is determined by compression 
springs in the feed roll pressure bracket. If for 
any reason any pressure spring in any one bracket 
is replaced, all springs in the bracket should be re¬ 
placed to provide for even tension. The pressure 
bracket is equipped with holes tapped for 5-40 
screws which may be used to lock the pressure shoe 
under spring tension before removing the bracket. 
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Figure 34. Feed Hopper 


Feed Knife Guides 

The adjustable guides for the feed knife racks 
should be positioned for a minimum of play of the 
racks between the guides without causing any 
binds. Check this over the entire length of the 
stroke (Figure 34). 

Feed Knife Projection 

The card feed knives arc adjustable and should 
be set evenly on each side for a projection of .004" 
to .0045". To adjust a feed knife, remove the 
feed knife block from the feed knife rack. This 
may be done without changing the left-to-right 
position of the knife block if the knife holder ad¬ 
justing screw is held with a j" open end wrench 
while the knife block holding screw is removed. 

A Go-No Go gauge is provided with two accur¬ 
ately ground surfaces at opposite ends. The sur¬ 
face marked "Go” is cut .0045" deep and the 
opposite surface marked "No Go” is cut .004" 
deep. When the feed knives are adjusted, the lock¬ 
ing screws should be loosened until they are just 
snug enough to prevent the knives from moving 
with a slight pressure. Turn either in or out on 
the adjusting screws, as required, to raise or lower 
the feed knife. If the knife is properly adjusted, 


the "Go” end of the gauge will pass over the feed 
knife on either side and the "No Go” end will not 
pass over the projection. 

The knife must project evenly all the way across, 
and both knives must be adjusted for the same 
condition. 

After a period of use, the knife blocks may 
wear, particularly at a point near the feed knife, 
in which case accurate adjustment is not obtain¬ 
able. If such a condition exists, it should be rem¬ 
edied in the following manner before the above 
adjustment is performed. 

Set feed knife for the slightest possible projec¬ 
tion above the knife block. Stone knife and block 
assembly until the top surface of the knife* and 
block arc even. Then proceed as above. 

Feed Knife Block 

The knife block pivot screws should be adjusted 
so that at the extreme forward stroke (2J4 teeth 
before 1) the feed knife edge travels .015" past 
the edge of the card with the card against the first 
feed rolls. This provides the proper buckle of the 
card to insure good feeding (Figure 3 5A). 

Hopper Guide Posts 

The hopper guide posts are positioned by means 
of shims so that there is at least .010" clearance 
over the width of the card. Also check to see that 
at their extreme left position, the feed knives tra¬ 
vel at least .030" beyond the edge of a card held 
against the guide posts. 

Throat 

With the throat knife and block only snug 
under their holding screws, place a .010" feeler 
gauge into the throat opening. This gauge must 
be separated from all other gauges. Adjust the 
throat block and throat knife until the .010" gauge 
between the knife and the roller is parallel with 
the card feed knife slides. This can be determined 
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Figure 35. Feed Adjustments 


by laying a straight edge across the feed knife 
slides. The .010" gauge should just touch the 
under edge of the straight edge, which can be a 
IBM card on edge or a scale (Figure 3SB). 

This will insure that the face of the throat knife 
is in the correct relationship with the roller, which 
is important if the throat adjustment is to be real¬ 
ized. Secure the throat block in this position, keep¬ 
ing it to one side in its locating channel. This will 
keep the axis of the roller parallel with the face 
of the throat knife. Adjust the throat knife so 
that the .010" gauge enters the throat opening 
freely when held parallel to the card line. Tighten 
the throat knife and check to see that a .010" 
gauge will not enter the throat from any angle 
other than the horizontal card line. Under no con¬ 
dition should the .011" gauge enter the throat. 

Die 

The stop studs in the stripper must be main¬ 
tained snugly against the die. These studs provide 
minimum clearance between the die and the strip¬ 
per. Adjust this by positioning the left end of 
the magnet unit assembly up or down by means of 
the adjusting screws, one beside each of the two 
clamping screws at the left end of the unit. Re¬ 
move and replace the die several times to be sure 
that the latching bars have a slight drag as they 
enter and leave the castings. 

The two angle guides, one on each end of the 


die assembly used on high-speed punches, are for 
the purpose of keeping the die level when placing 
it in position in the machine. The following rneth- 
od should be used to adjust these guides correctly. 
If these guides are properly adjusted, it will be 
easier to remove and replace the die in the machine. 

Install the die assembly in the machine with the 
angle guide loose, and lock the die in place. Each 
angle should then be pressed lightly toward the 
side frame and tightened in this position. An ex¬ 
cessive amount of pressure must not be placed on 
these guides, or they will bind and make it difficult 
to remove the die. 

Punch Bail Tongue 

The punch bail tongue should be adjusted so 
that it is 2-17/32" from the front edge of the 
tongue to the back of the punch bail pivot shaft 
(Figure 36). Loosen the four holding screws. 
Then position the tongue in relation to the bail by 
means of the two adjusting screws. This should 
not require adjustment unless a punch bail or 
punch bail tongue is replaced. 

Interposer Pawl Lock Bar and Spring Bail 

The interposer pawl lock bar is positioned and 
pinned at the factory so there is a minimum clear¬ 
ance between the interposers and the punch bail 
tongue when the interposers are engaged with the 
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Figure 36. Punch Bail Tongue Adjustment 

punch bail tongue and are driven to their extreme 
downward limit by the punch bail. 

The interposer spring bail should be positioned 
so that it does not touch the interposers when the 
interposers are engaged with the punch bail 
tongue and are driven to their extreme downward 
limit. Check several interposers at each end. 

Punch Magnet Armatures 

The magnet armatures should be adjusted so that 
the interposers will move 1/8" toward the magnets 
when the armatures are attracted. The 1/8" tra¬ 
vel is obtained by increasing or decreasing the 
armature air gap by bending the armature just 
above the point where the pull rod connects (Fig¬ 
ure 37). The interposers should line up when in 
a normal position and should move freely. 

Punch Bail Connecting Links 

There must be a perceptible movement between 
the punch bail tongue and the interposers when 
the bail is in its uppermost position. This condi¬ 
tion prevents binds and also provides for a mini¬ 
mum travel of the punches into the die. Proceed 
as follows: 

1. Remove the front punch bail connecting 
link pin. 

2. Turn the machine until the punch bail is in 
the extreme upward position (eccentric up). 



Figure 37. Punch Magnet Armature Adjustment 


3. Adjust the rear punch bail connecting link 
adjusting screw for a slight clearance (.003") be¬ 
tween the punch bail tongue and the interposers. 
(Figure 36). If there is any variation in the clear¬ 
ance from one end to the other, the .003" clear¬ 
ance should apply to the closest end. This may be 
checked with a leaf gauge or by moving the inter¬ 
posers. 

4. Adjust the front connecting link adjusting 
screw so that the front punch bail connecting pin 
will slide freely into position in the punch bail and 
punch bail connecting link. This assures an even 
adjustment on both connecting links and elimin¬ 
ates strain on the punch bail. 

After adjusting the connecting link adjusting 
screws, check to see that the punches are not 
jammed down against the punch stop bar. Check 
in the following manner: 

1. Engage the interposer at each end of the 
punch bail and turn the machine until the punch 
bail is at its extreme downward limit of travel. 

2. Press on the top of the interposer with a 
screwdriver and check for a slight movement. 

The punch stop bar should be set as near the 
punch as possible without interfering with the 
movement of the punch. 
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Punch Hopper Side Plates 

The punch hopper front and rear side plates are 
adjustable forward or backward so that cards 
are punched in proper horizontal alignment on the 
card registration gauge. Adjustment is provided 
by means of an elongation of the holes provided 
for the mounting screws. Shifting the side plates 
should result in the punched holes lining up with 
the grooves in the first upper feed roll. The hopper 
side plates should then be located for a minimum 
clearance over the length of the cards. 

Punch Brush Lateral Alignment 

The punch brushes should be positioned so that 
the brush strands will track through the center of 
the holes in the card. This may be visually checked 
if a deposit of some soft substance, such as wax 
crayon or carpenter’s chalk, is placed across the 0 
and 9 edges of the printed surface of a card 
punched 9, 0, 9, 0, etc., and the card is run 
through the machine. The brush tracks will be 
plainly visible on the chalked surface of the card. 
The brush holders and separators can be moved to 
the front or back if the three locking screws in 
the slide assembly are loosened (Figure 38). 



Figure 38. Brush Slide Assembly 


Common Brush 



Anchor Slide Adjustment 

The clearance between the contact roll and the 
brush separators must be .01 2 " to .018". Adjust 
the brush slide unit up or down by means of the 
anchor slide adjusting screws in the front and rear 
support castings (Figure 39) for gang punch and 
check brushes. 

The entry and control brushes are not provided 
with an anchor slide adjustment. In order to ob¬ 
tain the proper clearance between contact roll and 
brush separators of the first set of brushes, it is 
necessary to shim the card guide plate or to grind 
away the card guide support. Because of the design 
of the original punch, the location of the read for 
entry and control brushes require a special brush 
block assembly. 

Brush Timing 

Both sets of brushes are set in their holder so that 
the heels of the brushes are aligned with the scribed 
line (Figure 38). The brush projection should be 
*4" above the separators (Figure 40) which re¬ 
quires a measurement of -iT' from the brush block 
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to the toe of the brush. Adjust the brush holders 
in their assembly by loosening the holding screws 
shown in Figure 40 so that the brushes make 
through the holes in the card % to /i tooth before 
the line of index (check with a test light). 

Vertical Registration 

Cards must be punched in proper vertical align¬ 
ment. Registration should be checked with a card 
gauge. To change the registration, loosen the 4 
magnet unit mounting screws and adjust the 2 
magnet unit aligning screws to position the magnet 
unit assembly toward the right or left, for proper 
vertical registration of the holes punched in the 
card. (Move the vertical registration aligning 
screws evenly and only when the magnet unit 
holding screws are loosened; otherwise, the unit 
may be strained and incorrect horizontal registra¬ 
tion may result.) Be sure the aligning screws and 
holding screws are tight after making this adjust¬ 
ment. 

After repositioning the magnet unit for the pro¬ 
per vertical alignment as in the above adjustment, 


recheck for the slight clearance between the punch 
bail tongue and the interposers when the punch 
bail is at the top of its stroke, because repositioning 
the magnet unit will affect that adjustment. 

Stacker Plate 

If the stacker has a flat plate (no indentations 
under rubber rollers), adjust the stop nut on the 
rod in the bottom of the stacker tube so that there 
is .00 6" to .010" clearance from the stacker plate 
to the face of the rubber rollers when the rubber 
rollers are in the extreme downward position. The 
felt washer serves as a brake to prevent the stacker 
from returning to its upper position too fast when 
cards are removed. The braking action is adjusted 
by compressing the felt washer by means of an 
adjusting nut. 

Stacker Timing 

To time the stacker roll: 

1. Remove the blue steel clip from the stud of 
the idler gear. 

2. Disengage the idler gear. 

3. Engage the punch clutch and turn the 
machine to 3 on the index. 

4. Turn the stacker roll so that the high side 
is down and remesh the idler gear. This timing 
should cause the card to be carried to within 

of the right side of the stacker. 



Figure 41. Circuit Breaker Adjustment 
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CONTACTS 

Adjustment of Cam Contacts 

1. The lower contact strap should be formed 
at point A (Figure 41) to provide proper tension. 
At the factory these straps are adjusted so that a 
force of 160 plus or minus 10 grams (approxi¬ 
mately 6 oz.) applied at the tip of the lower strap, 
point B, will just close the points. This tension 
must be maintained accurately to avoid a bouncing 
condition. 

2. Place shims beneath the plunger stop plate 
as required to obtain .040" to .050" travel of the 
plunger before latching up occurs. If the contact 
plunger is overlapped by the latch by an amount 
equal to the thickness of the latch metal, this 
should provide the .040" to .0 50" travel (Figure 
42). 



Figure 42. Circuit Breaker Adjustment 

3. Place shims between the lower contact ter¬ 
minal block and the contact strap to provide .015" 
to .018" air gap between the contact points (Fig¬ 
ure 43). 

4. Check to be sure that the plunger does not 
bind. The design of the split bushing is such that 
the coil spring spreads the bushing to create a drag 
between the bushing and frame which increases 
the pressure required to close the contact from 160 



grams (pressure required to compress the spring) 
to 22 5 grams (approximately 8 oz.). This friction 
is used to dampen the rebound when the contact 
closes. Check to be sure that a maximum of 240 
grams applied to the plunger will close the con¬ 
tact (Figure 44). 

5. A pressure of 600 plus or minus 20 grams 
(approximately 21 oz.) on the contact plunger 
should be required to compress the plunger spring 
to the latching point (Figure 45). These values 
have been tested and found to provide a good oper¬ 
ating condition. 



Figure 44. Circuit Breaker Adjustment 
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6. Locate the cam contact unit on the mount¬ 
ing bar at its extreme limit of travel away from 
the cam, and with the plunger on the highest point 
of the cam lobe, advance the adjusting screw until 
the plunger latches; then advance the screw one- 
half turn additional to obtain .010" to .015" move¬ 
ment of the plunger beyond the latch point (Fig¬ 
ure 46). This will provide clearance between the 
low dwell of the cam and the plunger. On the 
non-latch type there should be a .003" minimum 
clearance between the low dwell of the cam and 
the contact plunger when the plunger is against 
its stop (Figure 47). If a latching cam contact does 
not latch, it may be recognized by the fact that 
the contact points will close for 11°, or approxi¬ 
mately 4 teeth on the index. 

7. To adjust the make time of the contact, 
loosen the screws holding the cam to the shaft until 
the cam is just snug on the shaft. Turn the ma¬ 
chine to the index point corresponding with the 


1 




Figure 47. Circuit Breaker Adjustment 
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make time of the cam. Move the cam on the shaft 
in the direction of rotation until the contact just 
closes. The machine may now be turned to a point 
where the cam holding screws can be tightened. 
An accurate adjustment may be obtained by in¬ 
serting a screwdriver in the slots provided on the 
periphery of the cam for moving it on the shaft. 

8 . To adjust the break time of the contact, 
loosen the contact unlatching cam screws (Figure 
46). Turn the machine to the proper index point 
and move the unlatching cam in its slot until the 
contact opens. Tighten the holding screws. There 


are six possible positions for holding screws, only 
two of which will be used at any one time. 

Adjustment of Card Lever Contacts 

All card lever contacts should have at least 3 V" 
air gap when open, and at least ^ 2 " rise off the 
support strap when closed. Adjust by bending the 
brass support, or by shifting the entire contact as¬ 
sembly. The operating lever must be positioned 
on the shaft so that the lever is just against the op¬ 
erating strap when the contact is open. 





ELECTRICAL PRINCIPLES 


The circuits for this machine will be studied in 
three sections; namely, punch unit circuits, D. C. 
power supply circuits, and electronic computing 
unit circuits. In all circuit explanations, the loca¬ 
tion of the various circuit components both on the 
machine and on the wiring diagram will be 
stressed. Owing to the newness of electronic com¬ 
puting circuits to most Customer Engineers, the 
electronic circuits will be analyzed in as much de¬ 
tail as possible. 

PUNCH UNIT CIRCUITS 

Wiring diagram 213639A shows the power sup¬ 
ply, punch unit circuits and the electronic circuits. 
The timing chart for the punch unit is a part of 
this wiring diagram. An electronic timing chart 
will be found on the last page of the manual. The 
diagram is indexed to facilitate location of circuit 
components. Before proceeding with the discus¬ 
sion of these circuits, the various terminals used 
on this diagram will be listed together with an in¬ 
dication of their location on the machine. All 
terminals are counted from left to right, top to 
bottom, front to rear, facing the machine. 

On machines equipped for 115 volt A.C. opera¬ 
tion only, there are twenty terminals for the 115 
volt A.C. and 40 volt D.C. connections in the 
punch unit. These terminals are located on top of 
the main transformer. Post 1 and post 3 are the 
40 volt D.C. supply terminals while posts 7 to 20 
are 115 volt A.C. and transformer terminals. Post 
2 and 4 are not used. The terminals on the tube 
power supply chassis are designated by a number 
preceded by CH. There are ten of these terminals 
located at the rear of the power supply chassis. 
Post CH3 represents power supply chassis terminal 
3. 

On machines equipped for 115-230 volt A.C. 
operation, all transformers have two primary, coils 
and more terminals are necessary. In these ma¬ 


chines there are 24 terminals on the main trans¬ 
former and 15 on the tube power supply chassis. 

The terminals designated as CN, for example 
CN9, represent the connections on the cable con¬ 
nector. CN9 is the 9 connection on the cable con¬ 
nector on the punch unit, counted as indicated on 
the wiring diagram, Section 22B. The cable is de¬ 
tachable at both ends, hence, a sub-letter is used 
to indicate which connector is meant. Every other 
terminal is used to lessen the possibility of a short 
across terminals. 

Relays and cam contacts can be located on the 
circuit diagram by means of the location chart 
shown in Section 17-18 of the wiring diagram. In 
tracing circuits, normally closed points will be ab¬ 
breviated by n/c, normally open points by n/o, 
and the operating strap o/p. 

All power is furnished by the commercial supply 
through the attachment cord which is connected 
across terminals 7 and 8 on top of the main trans¬ 
former. The main line sentinel switch turns power 
to the machine on or off. Most machines made 
require a 115 volt A.C. supply. However, trans¬ 
formers are available which permit either 115 volts 
or 230 volts A.C. operation. The power supply 
circuits for 115-230 volts A.C. operation appear 
in Section 3 of the wiring diagram, while Section 
4 shows the circuits for 115 volts A.C. operation 
only. 

HD3 and HD4 relays are A.C. relays wired di¬ 
rectly across the A.C. line from post 9 to post 10. 
When the main line switch is on, HD4 is picked 
up and its points complete a circuit to the primary 
of the main transformer. The main transformer 
is protected by two 20 ampere fusetrons. The rea¬ 
son for this arrangement is that no sentinel switch 
was available to handle the total current demand 
when this circuit was designed. With this arrange¬ 
ment, HD4 relay points act as a switch, and the 
sentinel switch protects only the punch drive 
motor and the tube power supply transformers; 
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the main transformer is protected by fusetrons. 
HD3 points open the ground connection when the 
switch is OFF. 

The tube power supply transformer primary 
connections are made across posts 9 and 10. The 
drive motor is directly across the main line switch 
and hence operates on the commercial A.C. supply 
under the control of HDl relay. It is protected 
by the 10.9 ampere element in the sentinel switch. 
A split plug allows the motor to be disconnected 
from the machine. 

Note that the test lamp outlet is "hot” as long 
as the attachment cord is plugged in, regardless of 
the setting of the sentinel switch. The test lamp 
outlet is protected by 3 ampere glass fuses 12 and 
13. 

As soon as the main line switch is turned on, 40 
volt D.C. supplied by the selenium rectifier is 
available across posts 1 and 3. Post 1 is the posi¬ 
tive side of the line and post 3 is the negative side. 
For sake of consistency, wherever possible, all cir¬ 
cuits will be traced from negative terminals to 
positive. 

Time Delay Circuit 

Owing to the necessity of heating the cathodes 
of the rectifier tubes and the vacuum tubes to op¬ 
erating temperature before putting them in opera¬ 
tion, it is necessary to allow an interval of time 
before starting the machine. To insure full oper¬ 
ating temperature, approximately 50 seconds is al¬ 
lowed for heating the tube cathodes. The rectifier 
tubes in the power supply chassis are gas-filled 
tubes and will be damaged if the load is applied 
before their filaments have reached operating tem¬ 
perature. If vacuum tubes are placed in operation 
before they have been fully heated, the tubes will 
not be damaged, but erratic operations will result. 

The time delay is effected by a thermal delay re¬ 
lay (R5 in machine). One contact strap of this 
relay is a bi-metal strip, i.e., it consists of two 
strips of different metal placed one on top of the 
other and bonded together. These two metals ex¬ 


pand at a different ratio when heated and hence the 
strap will bend. A coil of high resistance wire is 
wound around this strap to serve as the heating 
element. The lower strip of metal has the greater 
expansion rate; therefore, the strap will bend up¬ 
ward when heated, and the contact points will 
touch to close a circuit to the coil and complete 
circuits for the operation of the machine. The 
upper contact point is in the form of a screw 
tipped with contact metal. This screw provides 
a means of varying the time interval required for 
the relay points to close by varying the distance 
between the contact points. The adjusting screw 
is normally set to provide 50 seconds delay. An 
air gap of approximately y 2 // will provide a good 
starting point in setting this adjustment. This time 
is applicable when starting with a cold machine. 
Naturally, the time delay will vary if the machine 
is turned on and off several times in a few min¬ 
utes because the heating unit will not have time 
to cool. 

The time delay relay operates on the regular 40 
volt supply of the punch unit furnished by the 
selenium rectifier. With the main line switch ON, 
a circuit is complete to the time delay heating ele¬ 
ment as follows: post 3, terminal CNp5, through 
ground cable in the electronic unit and back to 
CNpl3, through heater element, n/c points of 
R5BL, to R2A n/c, P16, PI, post 1. Also, as soon 
as the main line switch is closed, R2 coil will be 
energized in parallel with the heating element. The 
purpose of R2 and the cable jumper will be ex¬ 
plained shortly. 

When the heating element has sufficiently heated 
the bimetal contact strap, which is one strap of 
R5A points, the R5A points will close, and a cir¬ 
cuit will be completed to the coil of R5 as follows: 
post 3, terminal CNp5, through ground cable to 
CNpl3, through R5 coil, R5A contact, and out 
to post 1. 

Relay 5 will then pick up and its BL and BU 
points will transfer. When R5BL transfers, the 
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circuit to the heating element is opened and a hold¬ 
ing circuit for R5 is completed. 

When R5BU points close, the HD2 relay will 
be energized since R2 is already energized and the 
R2A contacts transferred. The circuit is as fol¬ 
lows: post 3, terminal CNp5, through ground 
cable, power switch in electronic unit (Section 
22A), back through cable to post CNpl5, through 
HD2 coil, R5BU, R2A n/o to Pi6, Pi, and post 1. 
The HD2 contacts are in the primary of the tube 
power supply transformer and are shown on the 
power supply circuit diagram. Power for the tubes 
in the electronic unit becomes available as soon as 
HD2 is energized. 

Start Circuit and Bias Interlock 

In order to insure that the tube power supply 
is functioning properly, the starting of the ma¬ 
chine is under the control of start circuit interlock 
relay R6 and bias interlock relay R4. R4 must 
pick up to complete the anode power supply cir¬ 
cuit and also to pick up R6. The bias interlock is 
necessary to insure that the grid bias voltage is 
applied before the anode voltage is applied; other¬ 
wise, excessive anode current will flow through the 
tubes and overload them before the control grid 
comes into operation. Eventually this will damage 
the tubes. When R4 is picked up, the R4 contacts 
complete a circuit to R6, which is connected across 
the grid and anode voltage supplies; hence R6 
cannot pick up unless the anode voltage is applied 
to the vacuum tubes. 

The voltage output terminal CH3 (Section 4A) 
on the power supply chassis is the ground terminal, 
or point of reference for all voltages, and is con¬ 
sidered the zero point for all voltage references. 
Note that CH3 is connected to post 3 which means 
that post 3 may be considered as a zero voltage 
reference point. Terminal CH4 supplies plus 150 
volts, i.e., 150 volts above ground, while CH2 sup¬ 
plies minus 100 volts, or 100 volts below ground, 
making the voltage between CH2 and CH4, 250 
volts. Terminal CHl supplies minus 250 volts. 


Each of the power lines is protected by a 2 amp 
glass fuse. Fuse 9 protects the -2 50 volt line, fuse 
10, the -100 volt line, and fuse 11 the -f-150 volt 
line. 

Note that the coil of R4 is connected directly 
across the —100 volt supply (bias supply), between 
fuse 10 and the ground connection at the relay 
common. The circuit for picking up R4 is as fol¬ 
lows: post 3, fuse 6, to Rl, R3, R7, through R4 
coil, to fuse 10. This relay will then remain ener¬ 
gized as long as the bias voltage is applied. Bias 
voltage is furnished to the electronic unit through 
the cable connector CNp3. 

When the R4A points close, a circuit is com¬ 
pleted to supply +150 volts to the electronic unit 
through 2 amp fuse 11, R4A, and the cable con¬ 
nector CNp7. The R4A contacts also conjplete 
the following circuit: fuse 11, R4A, R6 coil, three 
25,000 ohm resistors in parallel, to fuse 10. Thus, 
R6 remains energized as long as R4 is picked up 
and as long as the +150 volt supply is available. 

The purpose of the three 2 5,000 ohm resistors 
(net resistance approximately 8000 ohms) is to 
create a sufficient voltage drop across the 2 50 volts 
between fuses 11 and 10 so that the proper voltage 
is applied to the coil of R6. The purpose of the 
capacitor across the R4A contacts is to absorb the 
arc across R4A in case a fuse blows, etc. 

Once R6 is picked up and the R6A contacts 
close, the machine is ready to start. The green 
pilot light indicates that the punch is ready to start. 
The circuit to light the pilot light is as follows: 
post 3, through pilot light, post 5, die contact, post 
6, knockoff bar contact, R6A contacts, to center 
strap of R2A, P16, Pi and post 1. The knockoff 
bar contact and die contact are both safety con¬ 
tacts. The die contact is closed only if the die is 
properly in place with its latching bars in position 
in the grooves in the side frame. The knockoff 
bar contact is closed only if the knockoff bar in 
the magnet unit is properly in place. 
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Start Interlock Circuits (Gang Punching Only) 

In case it is desired to use the punch unit for 
gang punching only, it is desirable to disable the 
start interlock circuits and open the tube power 
supply circuit, although it is not necessary. This 
can be done by disconnecting the cable at either 
end. 

If the cable is to be disconnected at either end, 
it is recommended that the main line switch first 
be turned off. With the cable disconnected, the 
circuit to R2 and RJ coils is opened. If R2 and 
R5 fail to pick up, the HD2 relay cannot pick up, 
and no power will be furnished by the power sup¬ 
ply chassis to pick up R6. Note, however, that 
the n/c side of the R2A contacts provides a path 
around R6A to post 1. 

Start and Running Circuits (No Cards in Machine) 

It is most important to bear in mind, when 
tracing any circuit or set of circuits, the objective 
of the circuit. The objective of the start and run¬ 
ning circuits is to control the feeding of cards 
through the punch. This is done by starting the 
motor, causing the punch clutch to engage, and 
then keeping the machine running once cards have 
reached the second set of brushes. The motor is 
under the control of HDl relay which in turn is 
controlled by RlO. The punch clutch is also under 
the control of RlO; hence it is obvious that RlO 
must be energized to cause the motor to run and to 
cause the punch clutch to engage. Depressing the 
start key and closing the contact will cause RlO 
to pick up (assuming R6 is picked up). RlO will 
remain energized as long as the start key is held 
depressed through the following circuit: post 3, 
through fuse 6 to RlP, RlH, HDl, through RlO 
coil, through start key contact, stop key contact, 
R57B contact, post 5, die contact, post 6, KO bar 
contact, R6A contact, to center strap R2A, to Pi6, 
Pi, post 1. 

The closing of the RlO contacts simultaneously 
completes a circuit to the P-clutch and HDl 
motor relay. Circuit for the P-clutch is as follows: 


post 3, fuse 3, punch clutch coils, RlOBU, Pl6 
cam contact, to Pi and post 1. This circuit ener¬ 
gizes the P-clutch magnets, which in turn unlatch 
the clutch pawl so that it may engage the ratchet 
at D on the index. 

The circuit to the motor relay is as follows: post 
3, through fuse 6, 40 volt HDl coil, R10BL con¬ 
tacts, and on to post 1 as in the start key circuit. 
The HDl contacts complete a circuit to the drive 
motor and keep the drive motor in operation as 
long as RlO remains energized. The 2mfd capaci¬ 
tor across the HDl contacts suppresses arcs which 
might cause trouble in the electronic circuits. This 
capacitor is not shown on the wiring diagram, 
213639A. 

The motor drives the continuously running 
mechanisms; at D, the P-clutch engages, and all 
units go into operation. Shortly after the P-clutch 
engages, the circuit to the P-clutch magnet is 
broken by Pi6 at 14 on the index. Remember, 
from the mechanical operation of the clutch, that 
once the clutch engages it must make a complete 
revolution before relatching. If the start key is 
held closed for more than one cycle, Pi6 makes 
again at 12.3 on the index to energize the P-clutch 
magnet and prevent relatching of the pawl. 

In order to prevent the machine stopping part 
way through a cycle when the start key is released, 
a P-cam provides a hold circuit for RlO to insure 
the completion of any uycle during which the start 
key may be released (or when the machine stops 
owing to any other reason). The start relay hold 
circuit is completed through Pi 9 as follows: post 
3, through fuse 6, RIO coil, R10AL, Pl9, die con¬ 
tact, and on to post 1 as in the start key circuit. 

Start and Running Circuits (Cards in Machine) 

The running circuits are designed to keep the 
machine running automatically once cards have 
reached the second set of brushes and to stop the 
machine for any of the following reasons (1) when 
the last card runs out of the magazine, (2) when 
the stacker is filled to capacity, (3) when an error 
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is made in checking, or (4) when any card fails to 
advance to the die or to the punch brushes 2 (read 
for gang punching and checking). 

Card lever contacts are provided to signal the 
presence of cards in the magazine or at any of the 
stations through the machine. A stacker stop 
switch signals a full hopper, while a relay is pro¬ 
vided to signal an error when checking. 

As soon as cards are placed in the hopper, R3 
will pick up as follows: post 3, through fuse 6, 
through R3 coil, hopper card lever contact, to post 
1. The R3A contacts are in the RlO running hold 
circuit. 

The other card lever contact relays Rl, R7, and 
R8 are energized through their corresponding card 
lever contacts when the contacts are closed by the 
cards. 

After the cards are placed in the hopper, it is 
necessary to hold the start key depressed through 
three complete cycles before the machine runs 
continuously. 

After the third cycle, the machine runs auto¬ 
matically. The card levers are designed so that 
their contacts do not open between cards; there¬ 
fore all card lever contacts remain closed once cards 
start through the machine. As a safety precaution, 
Rl is held by P33 between cards, and R8 is held 
by Pi6 between cards. This insures the card lever 
relays remaining energized even if the card lever 
contacts open for an instant when corner cut cards 
are used. 

All that is necessary to keep the machine run¬ 
ning continuously is to keep RlO energized. This 
is done through the following circuits once cards 
reach the second set of punch brushes: post 3, 
through RIO coil, R10AU, R7BL, R3A, RIAL, 
stacker stop switch, stop key contact, R57B, die 
contact, KO bar contact, R6A, to R2A o/p and 
post 1. This circuit is complete until any one of 
the contacts is opened. 

Reading Brush Circuits 

R8B contact is used in the read for entry and 
control brush reading circuit, while R7A contacts 


are similarly used in read for gang punching and 
checking brush reading circuit. The purpose of 
these contacts is to prevent readings from the 
brushes when no cards are in position at the 
brushes. 

Pi through P4 (Section 7A) serve as circuit 
breakers for both sets of brushes. Pi and P2 con¬ 
trol the making time at the line of index while P3 
and P4 control the breaking time at three teeth 
past the line and provide CB pulses of 3-tooth 
duration. 

The purpose of the first set of brushes is to read 
the card for entering the factors in the various 
counters and for X control, group multiplier con¬ 
trol, sign control, while the purpose of the second 
set of brushes is to read the card for checking or 
for gang punching operations. The complete cir¬ 
cuit for reading into a counter will be deferred un¬ 
til the electronic circuits are discussed but the por¬ 
tion shown on the punch unit diagram will be 
traced. To simplify the tracing of this circuit it 
will be necessary to depart from the rule estab¬ 
lished and start at the positive terminal. The cir¬ 
cuit for reading into any one position of the mul¬ 
tiplier counter is as follows: post 1, through Pi, 
P2, P3, P4, R8B, common brush, contact roll, 
through hole in card, individual brush, brush hub, 
entry hub for multiplier counter (Section 15A), 
through factor reversal relays, cable connector and 
cable to electronic counter. 

In gang punching, the punch hubs are con¬ 
nected to the second set of brushes, and a punch 
magnet is energized when a hole is read in the col¬ 
umn to which the punch magnet is wired. The 
circuit is as follows: post 3, through R12B (Sec¬ 
tion 15B), punch magnet common connection, 
punch magnet coil, punch hub, wire to hub, read 
for gang punching brushes (Section 7A), indi¬ 
vidual brush, through hole in card, contact roll, 
common brush, R7A contacts, P3, P4, Pi, P2, to 
post 1. 
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Figure 48. Timing Chart for Computing Operations 


Electronic Computing Control Circuits 

The circuits in the punch unit for controlling 
the electronic computing unit are primarily timing 
circuits to time the computing operations to the 
movement of the cards through the punch unit. 
No attempt will be made to trace complete circuits 
for these controls; only the general function of 
each timing cam will be given. Figure 48 is a 
timing chart showing the relationship between the 
computing functions and the card movement 
through the punch unit. 

Electronic counters are restored to zero by open¬ 
ing the —100 volt grid bias circuit by means of a 
P-cam contact. Other circuits are similarly re¬ 
stored to normal by opening a contact. PlO (Sec¬ 
tion 5A) is the main cancel contact and controls 
the restoration of all circuits except the product 
counter to normal. This restoration occurs at the 
very beginning of a cycle before any figures are 
read from a card. When group multiplying, R26 
is picked up, R26A points transfer, and either the 
multiplier or the multiplicand counter, depending 
upon the setting of the factor reversal switch, is 
cleared by Pi 2 under further control of R27-3 
points. Pi2, which opens slightly after PlO closes, 
is effective only during cycles that R27 is picked 
up. 


The product counter cannot be cleared until 
after punching is complete, consequently the clear¬ 
ing is separately controlled by the product cancel 
cam contact P 11 , which is under further control 
of R19A. Pll opens at 0.5, and the product 
counter is cancelled or cleared, provided R19, the 
product summary relay, is not picked. When it 
is desired to store and accumulate products, R19 
is picked up and Pll is no longer effective. 

The reading of factors into the electronic 
counters occurs at mid-index points under control 
of P5 through P 8 (Section 8 A); P5 and P 6 pro¬ 
vide read-in pulses of three-teeth duration at mid¬ 
index points. Pi7 permits only 9 of these pulses 
to be used. P7 and P 8 provide pulses of three- 
teeth duration at index points to control the elec¬ 
tronic read-out circuits. Pi 8 allows 10 of these 
pulses to be used. The reason for the two sets of 
CB’s will be apparent in the discussion of the elec¬ 
tronic read-in and read-out circuits. 

Once factors are read into the counters from a 
card, it is necessary to start the computing section. 
This is timed by P24 cam contact which provides 
a pulse to start computing at 5 teeth past 11 on 
the index if RlBU points are closed. RlBU pre¬ 
vents computing operations in case the punch is 
running without cards. 
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Read-out is also under the control of P5 through 
P8 except that read-out pulses are index line pulses. 
Also, read-out is under further control if RlBL 
(die card lever relay), R19B (product summary 
relay), and R29AL ( group multiplier relay). If 
any of these three relay points are open, the pro¬ 
duct cannot be read from the electronic unit to 
the punch. 

Read-out is further controlled by the Pl4 cam 
contact (Section 4B), which applies anode poten¬ 
tial to the read-out power tubes only during the 
9 through 0 punching time of the cycle. The elec¬ 
tronic portion of the read-out circuit is reserved 
for the section on the electronic computing cir¬ 
cuits; only the portion on the punch unit will be 
covered. Read-out pulses from the electronic unit 
come to the punch under the control of P7 and 
P8 through the cable and to the hubs labelled 
product (Section 15B). Normal wiring for 
punching the result is from the product hubs 
to the punch hubs. The circuit for energizing a 
punch magnet from the product counter is as fol¬ 
lows: post 3 (Section 5B), through R12B (Section 
15B), punch magnet common, through punch 
magnet, hub, wire, to hub marked product, to 
cable connector, through cable to electronic unit, 
back through cable to CNp28 (Section 4A), Pi4, 
to +140 volt terminal. 


Punch Suppression 

If it is desired to suppress punching in a card, 
the card is either X-punched or punched with a 
control digit in a specified column. The control 
punching then causes the pickup of R12 to sup¬ 
press punching on the cycle following. 

R15 (Section 9B) is the X relay which picks up 
from 0.3 through 11.3 of each cycle under control 
of P37. Points of R15 are used in the X pickup 
circuits of various relays. For example, R15AU 
is in the X pickup circuit of Rll (Section 8B), so 
that Rll can pickup only on X’s if the X pickup 
is wired from the first set of brushes (read for en¬ 
try and control). If it is desired to pick Rll on 
other digits, the D pickup hub is wired from the 
first set of brushes. 

The sequence of operations for punch suppres¬ 
sion is shown in Figure 49. When Rll picks, the 
Rll A points close to hold Rll energized through 
P21 until 14.5 of the next cycle. The Rl IB points 
establish a circuit to pick R12 under control of 
P22. If the punch suppression device is wired to 
suppress on X’s, R12 will pick up at 13.6, pro¬ 
vided Rll is already energized. R12A points close 
to hold R12 through the R12H coil until P23 
breaks at 13.4 of the same cycle. R12B is in the 
punch magnet common circuit so that no punch¬ 
ing can occut as long as R12 is energized. 



Figure 49. Sequence of Operations on Punch Suppression 
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It is obvious from the circuit that if the punch 
suppression feature is wired for N suppression, R12 
will pick up every cycle that Rll is not picked up. 
Therefore, punching will be suppressed when there 
is no X (or digit) punched in a card. 

The punch suppression feature can be used to 
perform group gang punching operations, that is, 
information in interspersed master cards can be 
punched into the detail cards following the master. 
Either the master cards or the detail cards can be 
X (or digit) punched. 

Product Summary 

Often it is desired to accumulate several pro¬ 
ducts before punching. This permits special oper¬ 
ations, such as crossfooting on two cards, punching 
the sum of several products, etc. To accomplish 
this, it is necessary to prevent reading out and 
clearing of the product counter. The product sum¬ 
mary feature has the same type of controls as punch 
suppression, i.e., X or digit pickup and X or N 
control. To place the product summary in opera¬ 
tion, a jack must be placed in the on position of 
this switch. This causes R19 to be picked up as 
long as R18B points are closed. R18 picks under 
the control of R17, which in turn picks under 
control of an X or digit punching. The X or D 
hubs of the product summary device are wired to 
the first set of brushes (read for entry and con¬ 
trol) . The X hub is under control of Rl 5BL points 
so that only X’s can energize R17. 

Once R17 is picked, it is held by the R17H coil 
through R17A and P2I until 14.5 of the next 
cycle. Then with R17B transferred, R18 picks 
when P22 makes, provided X control is being used. 
R18 holds through R18H coil, R18A, and P23 
until 13.4 of the cycle following the reading of the 
X (or digit). During the cycle that R18 is ener¬ 
gized and R18B points are open, R19 cannot be 
energized. When R19 is in a normal position, R19B 
points (Section 8A) are closed to permit read-out 
from the product counter, and R19A points (Sec¬ 
tion 5A) are open to permit cancelling the product 


counter when Pll opens. Thus, an X or digit 
punching will cause normal operation when set for 
X control. 

If the product summary is set for N control, 
R18 picks every cycle that no X or digit punching 
appears and normal operation continues until an 
X or digit punching appears. An X or digit will 
cause progressive addition of products and sup¬ 
pression of punching when set for N control. 

A blank card with the proper control punching 
must precede a product summary run if the ma¬ 
chine has just been turned on. Otherwise, the first 
group may be over because of the random figures 
which might set up in the product counter when 
the switch is turned on. Remember that on nor¬ 
mal multiplication the product counter is cleared 
before the first computation, whereas on a product 
summary run, it is not. 

Product Overflow 

Often the number of columns set aside on a 
card for punching the product of a multiplication 
is not large enough to permit punching the largest 
products. However, if only a very small percent¬ 
age of the total number of cards exceeds the capac¬ 
ity of the field, it may not be worth increasing the 
size of the card field and thereby limiting the num¬ 
ber of columns available for other punching. To 
take care of such cases the product overflow fea¬ 
ture is furnished on this machine. 

To place the product overflow feature in opera¬ 
tion, the product counter position next to the 
highest order wired to punch is wired to the pro¬ 
duct overflow entry hub. Observe that P3 8 cam 
contact (Section 9B) is in this circuit and that 
P38 will permit any impulse from 9 through 1 
to pass and pick up R16. As long as the product 
counter position wired to product overflow con¬ 
tains O’ s, nothing happens. Any digit from 1 
through 9 in this position causes R16 to pick. R16 
then holds through its R16H coil, R16AL, and P21 
cam contact. R16AU points complete a circuit to 
the error light and error relay R57 (Section llB), 
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so that the machine will stop and indicate with a 
red light that the product just computed and 
punched exceeds the capacity of the card field. 

Since the error light is used for other error sig¬ 
nals, it is desirable to distinguish between errors 
and overflow products. This is accomplished by 
punching a 12 in a card in which the product ex¬ 
ceeded the card field capacity. To punch the 12 
the product overflow 12 hub is wired to any punch 
magnet, and a 12 hole will punch under control of 
P3 6 (Section 9A) provided R16B points are closed. 
With this arrangement, a card is examined after an 
error light and if a 12 hole is punched, it is appar¬ 
ent that the error was due to an overflow product. 
This card can then be handled manually. 

Factor Reversal and Check Circuits 

Multiplication is checked by re-multiplying with 
the multiplier and multiplicand factors reversed, 
then checking for double punchings or blank col¬ 
umns by means of the double punch and blank 
column detection circuit. This checks the multi¬ 
plication, because if a different answer is obtained 
on a check run than was obtained on a multiplying 
run, the card will be double punched in some col¬ 
umn. The check circuit also checks for failure 
to punch during the first multiplication run and 
again checks for blank columns during the check 
run. An error will cause the machine to stop and 
the error light to glow. Before restarting the ma¬ 
chine, the double punch reset push button must be 
depressed to extinguish the error light. 

Factor reversal is accomplished by switch con¬ 
trol to permit rapid change-over from one setup 
to another. When the factor reversal switch is 
ON, relays R21 through R2 5 are picked up and re¬ 
main energized as long as the switch is on. R21, 
R22, and R23 are used to reverse the entry to mul¬ 
tiplier and multiplicand counters so that the fac¬ 
tors normally entering the multiplier enter the 
multiplicand and vice versa. R24 reverses the 
multiplier and multiplicand read-in control and 


cancel circuits on a group multiplying setup, while 
R2 5 is used in connection with sign control. 

One control panel switch is provided for each 
position of blank column checking. Double punch 
checking may be used alone or in combination 
with blank column checking. Blank column check¬ 
ing cannot be done alone, but must be used in com¬ 
bination with double punch checking. The product 
field in the card is wired from the second set of 
brushes (read for gang punching and checking) to 
the double punch entry hubs for double punch de¬ 
tection. If blank column checking is also desired, 
the corresponding blank column switches are set 
on. When checking multiplication, it is necessary 
to use both double punch and blank column 
checking. 

As the card passes the first set of brushes, the 
factors are read in to re-multiply. The result is 
again punched, and the card is checked as it passes 
the second set of brushes. As the card passes the 
second set of brushes, a circuit will be completed 
through the hole in the corresponding column of 
the card to pick up R37. Only the first position 
will be considered in tracing circuits. The R37B 
points indicate the presence of a hole in the column 
being checked. R38 then picks up and sets up a 
circuit through its R38A points to the error relay, 
R57. If another hole is present in the same column 
after R38 is picked up, the error relay will be ener¬ 
gized and the machine will be stopped. 

The circuit for energizing R37 is as follows: post 
3, through fuse 7, relay common, through R37 coil, 
R38A n/c, DPBC entry hub, wire, read for gang 
punch and check brushes, hole in card, contact roll, 
common brush, R7A, P3, P4, P2, Pi to post 1. 

This circuit picks up R37, closes the R37A 
points, and opens the R37B points. The opening 
of the R37B points prevents the energization of 
R57H coil when P35 makes. 

R37 is held through R37A and P34 until 13.3 
of the same cycle. R3 8 will not pick up as soon 
as R37A points close, because there is a shunt cir¬ 
cuit around the R38 coil through the hole in the 
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card and the CB’s. When the CB’s open, R3 8 will 
be energized through the R37 hold circuit. 

R3 8A points then transfer and open the pickup 
circuit to R37 and set up a circuit to the R57P 
coil. If no other hole is punched in the same col¬ 
umn, nothing further happens and no error is in¬ 
dicated. However, if another hole is sensed in the 
same column, after the foregoing circuits have 
been established, R57P will be energized as follows: 
post 3, fuse 7, R57P coil, R31BL, R3 8A n/o, hub, 
wire to read for gang punching and checking 
brushes, and out through hole in card to post 1. 

R57 will then be held by its holding coil and 
R57A points until the reset push button is de¬ 
pressed. As the error light is in parallel with the 
R57H coil, it will light when the hold circuit is 
completed and remain lighted until the push but¬ 
ton is depressed. 

When R57 picks up, its R57B points open, and 
as soon as Pi9 opens, RIO will drop. This will open 
the circuit to the P-clutch magnets and to the 
HDl motor relay, thus stopping the machine. The 
error light will also glow, indicating an error. 

In case of a blank column in the units position, 
R37 will not pick up and the following circuit will 
be completed to pick up R57 when P3 5 makes at 
12.2: post 3, through fuse 7, R57H coil (and error 
light in parallel), R37B, hub, jackplug, R31AL, 
R7BU, P3 5, to post 1. 

R57 and the error light then remain energized 
through the R57A points until the reset push but¬ 
ton is depressed. 

The circuits are the same for any position other 
than the first. The circuits are designed so that 
an error in any one column will stop the machine. 

As an optional feature, ten additional positions 
of double punch and blank column checking are 
available. When the additional ten positions are 
installed, relays 5 8 through 77 are used. 

Group Multiplying 

Group multiplying signifies multiplication of a 
group of cards by the same multiplier. The multi¬ 


plier factor is punched in the first card of each 
group and is known as the rate card or master 
card. The rate card is identified by a 9 punching 
in any column. As the rate cards are interspersed 
in front of each group, the machine senses the ap¬ 
proach of a new rate card by the 9 punching and 
clears the multiplier counter to allow a new rate 
to enter. Also the machine suppresses punching of 
the rate card during the cycle the rate card is pass¬ 
ing the die. When checking, the machine must 
also suppress the checking operations when the rate 
card passes through the machine. 

Relays 2 6 through 31 are the group multiplying 
relays. Relay 27 is a wire contact relay. This re¬ 
lay is used in this circuit because of its fast pickup. 
This relay must pick up between 9 time, when a 
hole is read, and 5 teeth past 9. To allow a suffi¬ 
cient safety factor the wire contact relay is used. 
The contacts on the wire contact relays are in line, 
and therefore the identification of the contacts is 
by contact number. Thus R27-3 indicates the 
number 3 contact on wire contact relay 27. 

When it is desired to group multiply, the con¬ 
trol panel switch labelled grp mp is wired on. 
This causes R26 to pick up and remain energized 
as long as the grp mp switch is wired on (Sec¬ 
tion 10B). 

The R26BU points set up the circuit to the 9 
pickup hub to control the pickup of R27. R26BL 
points transfer to place the screens of the multi¬ 
plier or multiplicand read-in switch tubes (de¬ 
pending on the setting of the factor reversal 
switch) under the control of R27-2 points. R26A 
points transfer the control of the multiplier or 
multiplicand cancelling circuit (depending on set¬ 
ting of factor reversal switch) from PlO to Pi2 
and the R27-3 points. A pentode can be blocked 
by opening the screen potential circuit. Use is 
made of this fact in controlling read-in to the 
counter containing the rate. When it is desired 
to block all entries to a counter, the screen poten¬ 
tial circuit for the read-in switch tubes of that 
counter is opened. 
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New Role Enters 


Figure 50. Sequence of Operation for Group Multiplication 


To signal a rate card, a 9 is punched in a pre¬ 
determined column and this card column is wired 
to the 9 pickup hub. Then when a 9 is read as 
the rate card enters the first set of brushes, a cir¬ 
cuit is completed to pick R27 as follows: post 3, 
through fuse 7, relay common, R27P coil, R26BU, 
P26, 9 hub, control wire, brush hub, individual 
brush in first set of brushes, 9 hole in card, contact 
roll, common brush, R8B, CB’s, to post 1. P26 

allows only 9 holes to be recognized. R27 is then 
held through its R27H coil, R27-1 points, and 
P27 until 13.4 of the same cycle. The sequence 
of operations of the above and succeeding circuits 
for group multiplying is shown in Figure 50. This 
sequence chart should be studied carefully in con¬ 
nection with the group multiplying circuits. 

In the following circuits it is assumed that the 
factor reversal switch is off and that the multiplier 
counter contains the rate (or group multiplier). 


When R27 picks up, R27-3 points open and per¬ 
mit P12 to cancel the previous multiplier as Pi2 
is open at this time. Pi2 is required in addition 
to P10 because the cancelling of the multiplier 
counter must be delayed until it has been deter¬ 
mined whether or not the card entering the first 
punch brushes contains a 9. R27-2 points close 

to complete a circuit which prpvides screen po¬ 
tential to the tubes controlling multiplier read-in, 
and thus permit reading of a new factor into the 
multiplier counter. R27-4 sets up the circuit to 
R28P coil so that when P28 makes at 12, R28 is 
picked, and it holds through its R28H coil, R28A, 
and P29 until 8 of the next cycle. The R28B points 
set up a circuit to cause R29P coil to be energized 
when P30 makes at 14.5 of the cycle following the 
pickup of R28. R29 is held through its R29H 

coil, R29AU points, and P31 until 13.4 of the 
same cycle. 
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While R29 is energized, the R29AL points (Sec¬ 
tion 8B) are open to suppress the product read-out 
circuits so that no punching of the rate card from 
the product counter can take place. 

R29BU points set up a circuit to pick R30 when 
P28 makes at 12*. R30 then holds through its 

R30H coil, R30A points, and P29 until 8 of the 
following cycle. R30B points set up a circuit to 
R31 so that R31P is energized when P30 makes at 
14.5 at the beginning of the cycle during which 
the rate card passes the second set of brushes. R31 
then remains energized through this entire cycle 
through its R31H coil, R31AU points, and P31. 

R31AL points open to suppress the blank col¬ 
umn check circuits as the rate card passes the sec¬ 
ond set of punch brushes. R31B points open the 
circuit to R57P coil, thereby suppressing the double 
punch detection circuit. 

As previously stated, the sequence of operations 
from the reading of the 9 hole in the rate card 
through the holding of R31 is shown in Figure 50. 
A careful study of this chart should provide a 
complete picture of the group multiplying opera¬ 
tions. 

Column Split, 0 and X, Hot 1 

Two positions of column split are available as 
standard on this machine. R33 picks up each cycle 
when P33 makes from 0.2 through 12.2. Thus the 
0-9 hubs of the column split are connected with 
the C hubs from 9 through 0, and the 11-12 hubs 
are connected with the C hubs for 11 and 12. This 
device permits an X or 12 punching over a 0-9 
digit to be recognized independently or to be ig¬ 
nored. 

The 0 and X hub provides a source for impulses 
at 11 and 0 time to punch XT or 0’s under the con¬ 
trol of P32 cam contact (Section 7A). If only an 
X or 0 is desired, the 0 and X impulse is wired 
through a column split to separate the 0 from the 
X. 

The Hot 1 hub provides a source for a 1 impulse 
under control of P20 cam contact (Section 7A). 


This may be used to punch 1 ’s or to enter a 1 into 
the electronic counters for unit multiplication. 

The hub labelled CB is a source for impulses at 
all index points. It is used primarily in connection 
with the distributor which is an optional feature. 

Sign Control (Optional Feature) 

As an optional feature, this machine is designed 
to handle either positive or negative factors. Nega¬ 
tive factors are identified by an X punch. The X 
may be punched in any column to identify a nega¬ 
tive factor. If either factor is negative, the result 
is negative. If neither factor, or both factors are 
negative, then the result is positive. Hence, it is 
obvious that an X must be punched in the card 
if either the multiplier or the multiplicand is nega¬ 
tive. 

The mcx and mpx hubs are wired to the first 
set of brushes. The mcx hub is wired to the brush 
in the column containing the X to identify a nega¬ 
tive multiplicand, while the mpx hub is wired to 
the brush in the column containing the X to iden¬ 
tify a negative multiplier. The pr x pch hub is 
wired to the punch magnet corresponding to the 
card column in which the product X is to be 
punched. To make the sign control wiring effec¬ 
tive the sign ctrl switch must be wired on (Sec¬ 
tion 13 B). 

The objective of the sign control circuit is to 
sense a negative result and punch an X over the 
proper column to identify a negative product. 

The general sequence of events for punching 
an X to identify a negative product is as follows: 

1. R100 picks up at X time. 

2. An X is sensed in either the MC or the MP 
field, and the corresponding sign control re¬ 
lay picks up. 

3. The sign control relay is held until after 
X time and the sign delay relay picks up 
and is held through the next cycle when 
the card is in punching position. 

4. At X time of the second cycle an X is 
punched to identify a negative product. 
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The actual contacts and relays involved in this 
operation together with the timings are shown in 
sequence chart in Figure HA. 

The circuits traced in the order in which they 
operate are given below. RlOO picks up at X time 
every cycle when P37 makes provided the sign 
ctrl switch is wired on. The points of RlOO con¬ 
trol the pickup of all other sign control circuits. 

Assuming an X in the multiplicand field, R95 
will then pick up when the card passes the first 
set of brushes and the X hole is read. R96 would 
be energized if there were an X identifying a nega¬ 
tive multiplier. R95 holds through its holding coil 
R9 5AU, and P39 until 5 of the following cycle, 
and R95B points set up a circuit to pick R97 when 
P40 makes. 


The sign delay relay R97 is energized when P40 
makes at 6.7 of the cycle following the reading of 
the X. Note that if neither or both R9 5 and R96 
are energized, R97 cannot pick up. R97 is then 
held through its R97H coil, R97A points, and P41 
until 11.5 of the same cycle. At X time of this 
cycle the punch magnet wired to pr x pch is en¬ 
ergized as follows: post 3, through R12B, punch 
magnet common, punch magnet coil, punch hub, 
control panel wire, pr x pch hub, R2 5AL n/c, 
R97B, R100BU, through CB’s, to post 1. 

For standardization it is recommended that the 
X identifying negative amounts always be punched 
in the units column of the field. In this manner 
a negative amount can always be spotted at a 
glance. 
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Sign control checking is accomplished by com¬ 
paring X-punchings in the multiplier and multi¬ 
plicand fields against X’s in the product field. If 
the factors indicate a negative product and the 
product is not so identified (or vice versa), the ma¬ 
chine will stop and indicate an error. 

The only additional control panel wiring nec¬ 
essary for a checking operation is the wiring of the 
card column containing the product X to the pr 
x chk hub from the first set of brushes. The X’s 
for the multiplier or multiplicand are sensed 
through the mpx or mcx hubs. However, when 
checking, the factor reversal switch is on and R25 
is picked up; consequently the mpx and mcx 
hubs are reversed so that a multiplier X picks R95 
and a multiplicand X picks R96. 

In order to set up a given problem, assume an 
X punch in the multiplicand field only. The single 
X means that the product is negative and that an 
X should be punched. If for some reason the pro¬ 
duct X is not punched, the machine must detect 
this as an error. 

The sequence of events involved in a sign check 
are shown on the chart in Figure 51B. Note that 
when an error is sensed, the machine is not stopped 
until the end of the cycle during which the card 
in error passes the second set of brushes. 

The circuits are completed in the sequence in 
which they are traced below. Remember that R2 5 
is energized during a check run and that R100 
picks up at X time of each cycle under control of 
P37. 

When the card passes the first set of brushes, 
the multiplicand X is read and R96 picks as fol¬ 
lows: post 3, through fuse 8, R96P coil, RlOOAL, 
R2 5BL n/o mcx hub, control wire to hub of 
read for entry and control brushes, individual 
brush, X hole, contact roll, common brush, R8B, 
CB’s, to post 1. R99 would be energized if the pro¬ 
duct X were punched. Since the assumption is 
that no product X is punched, R99 is not picked 
up. R96 holds through its R96H coil, R96AU 
points, and P39 until 5 of the next cycle. R96B 


points set up the circuit to R97P, which picks as 
follows when P40 makes: post 3, through fuse 8, 
R97P coil, R96B n/o, R95B n/c, R99B n/c, P40, 
to post 1. R97 holds through its R97H coil, R97A, 
and P41 until 11.5 of the same cycle. R97B sets 
up a circuit to R98P, so that at X time of this 
cycle, R98 is energized as follows: post 3, through 
fuse 8, R98P coil, R25AL n/o, R97B, R100BU, 
through CB’s, to post 1. R98 holds through its 

R98H coil, R98AL, and P39; R98AU points set 
up a circuit to R101P so that R101 picks when 
P40 makes. RlOl then holds until 11.5 through its 
R101H coil, R101A, and P41. R101B points set up 
a circuit to energize the error relay at X time as 
follows: post 3, through fuse 7, R57P coil, R31B, 
to R38A n/o, through RlOlB (Section 14B), R- 
100BU, CB’s to post 1. 

When R57 picks, its R57B points open, causing 
the machine to stop as previously explained. Also, 
the error light will glow to indicate an error. 

Observe that if the X to identify a negative 
product had been punched, R99 would have picked 
and held through its R99H coil, R99A, and P39; 
then when P40 made, R99B would be transferred 
along with R96AL, and R97 could not pick up. If 
R97 does not pick up, nothing further happens in 
the checking operation. The R99B points in com¬ 
bination with the R95 and R96 points provide a 
means of completing a circuit to R97 for proper 
X punch and X-check control. 

Since it is recommended that X’s be punched 
over the units column of a field, it is necessary to 
suppress the X check when using the double punch 
check. This may be done by wiring the units 
column through the column split, so that only the 
0-9 positions of the card column are checked for 
double punch. 

Class Selectors (Optional) 

Class selectors are optional features on this ma¬ 
chine. If one class selector is, installed, relays 80 
through 86 are used. The second class selector 
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Figure 52. Sequence of Operation of Class Selectors 


uses relays 87 through 93. The circuits will be 
traced for number 1 class selector. 

The sequence of operation of the selector cir¬ 
cuits is shown in Figure 52, This sequence should 
be carefully studied in connection with the cir¬ 
cuits to enable a clear understanding of the cir¬ 
cuits. 

The selectors are arranged for either X or D 
pickup and for normal or delayed operation. If 
it is desired to transfer the selector during the cycle 
following the reading of the X, the c plg hub is 
wired to the 1 hub. Wiring the c plg hub to the 
2 hub causes the selector to transfer during the sec¬ 
ond cycle following the reading of the X hole. 

When an X is sensed at the first set of brushes, 
a circuit is completed to R80P through the X pick¬ 
up hub and R15AL. R15AL allows only X’s to be 
recognized by the X hub. If digit control is de¬ 
sired, the D hub is used to pick R80. R80 holds 

through its R80H coil, R80A, and P21 until 14 
of the cycle following its pickup. At 13.6 of this 
same cycle, R81P is energized through R80B and 
P22. R81 holds through its R81H coil, R81AL, 
and P23 until near the end of the cycle. Then if 


the selector is wired to operate on this cycle, R84, 
R85, and R86 are energized through the R81AU 
points during this entire cycle. The points of R84 
through R86 are the actual selector points, as indi¬ 
cated by the chart on the wiring diagram. 

If the selector is wired to operate during the 
second cycle following the X, R83 must be ener¬ 
gized before R84, R8 5 and R86 can pick up. At 
12.2 of the first cycle following the X, R82 is 
energized through R81B and P28, and a holding 
circuit is completed through R82H coil, R82A, 
and P25 until 14.5 of the second cycle. At 13.6 
of the second cycle, R83 is energized through 
R82B and P22. R83 holds through the entire sec¬ 
ond cycle through its R83H coil, R83A points, 
and P23. R83B points complete a circuit during 
this cycle to energize the class selector relays R84 
through R86. 

Distributor (Optional) 

A conventional 12-segment distributor can be 
installed as an optional feature on this machine. 
The distributor can be used as a digit emitter by 
wiring the CB hub to the C hub of the distributor. 
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Any timed impulse from 9 through 12 is available 
at the distributor hubs labelled accordingly. The 
distributor can also be used as a digit selector by 
wiring from the brushes to the C hub of the dis¬ 
tributor. Only the desired digit in any card col¬ 
umn can be recognized by proper wiring of the 
9-12 hubs of the distributor. 

POWER SUPPLY CIRCUITS 

Main Transformer and Selenium Rectifiers 

Power is supplied to this machine by two trans¬ 
formers, the main transformer and the tube power 
supply transformer, which can be seen in the 
power supply circuit diagram (Section 3 for 115- 
230 volt A.C. operation and Section 4 for 115 volt 
A.C. operation). The main transformer is mounted 
directly behind the control panel. The only dif¬ 
ference between the 115 volt A.C. transformer 
and the 115-230 volt A.C. transformer is that the 
latter has two primary coils. All following dis¬ 
cussion will assume a 115 volt A.C. transformer. 
Three taps are provided in the primary to permit 
constant secondary output voltages at 105, 115, 
or 12 5 volt primary voltages. The secondary is 
provided with six taps to supply 115 volts A.C. 
for the tube filaments and to supply the selenium 
rectifiers which provide D.C. outputs of 40 volts 
and 140 volts. The 140 volt supply is the anode 
voltage supply for the 2 5L6 read-out power tubes 
in the electronic computing unit. The 40 volt 
supply furnishes the power for all relays and mag¬ 
nets in the punch unit which are usually supplied 
by a generator. 

From the punch running circuits it will be re¬ 
membered that when the main line switch is on, 
the A.C. from the main line appears across posts 
9 and 10 to pick up HD3 and HD4. The HD4 
points in turn complete a circuit to the main trans¬ 
former primary across the two 20 amp fusetrons. 
The circuit through the primary of the main line 
transformer is from post 8, through 20 amp fuse- 
tron 3, HD4 points, primary terminal 17, primary 


coil, terminal 19 (for 115 volt supply), fusetron 
4, to post 7. The RMS or effective voltage pro¬ 
duced at full load by transformer action between 
each of the secondary taps is shown in Figure 53. 
(RMS is the abbreviation for the root mean square 
value of alternating current or voltage, also called 
"effective value.” It is the square root of the mean 
values of the squares of the instantaneous values 
taken over a complete cycle.) All tube filaments 
in the electronic computing unit are heated by the 
115 volt A.C. between terminals 13 and 14. The 
filament supply uses cable connectors CNpl8 
through CNp20 and CNp38 through CNp40. 
Three connectors are used on each side to distribute 
the load. It is advisable to adjust the primary tap 
so that the filament supply is approximately 110- 
115 volts. Although the tubes will require slightly 
longer to heat, their life will be considerably 
longer. A 15 % increase in voltage will reduce 
the life of the tubes 30%. 

40 volt D.C. is supplied by the full-wave selen¬ 
ium rectifier across terminals 11 and 12. This rec¬ 
tifier is mounted on the right end gate. The center 
connection of the selenium rectifier is the positive 
connection while the transformer center tap be¬ 
tween terminals 11 and 12 (terminal 15) is the 
negative connection. Terminal 15 serves as the 
reference point for all voltages, i.e., it is the point 
of zero reference and is the ground connection. 
Four 2000 mfd, 40 volt electrolytic capacitors con¬ 
nected in parallel act as the filter for the 40 volt 
supply. These capacitors are mounted on the 
lower section of the left end gate. Post 1 and post 
3, which are the 40 volt terminals, are connected 
across the 2000 mfd capacitors. 

The actual D.C. voltage produced at the output 
terminals is greater than the A.C. voltage at the 
transformer secondary because the capacitors 
charge to peak voltages. The actual D.C. voltage 
is equal to the peak voltage of the A.C. (V2 times 
the RMS voltage) minus the voltage drop across 
the selenium rectifier stack, which is approximately 
6-10 volts at full load. 
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Figure S3. Main Transformer 


140 volt D.C. is supplied by the half-wave selen¬ 
ium rectifier connected to transformer terminal 16 
through R4B contacts. The purpose of R4 was 
discussed in connection with the start and bias in¬ 
terlock circuits. A half-wave rectifier is sufficient 
for this supply because of the very light load. The 
two 200 mfd 200 volt electrolytic filter capacitors 
in parallel are able to maintain a fairly constant 
supply with the light load on this line. A 5000 ohm 
bleeder resistor is connected across the capacitors 
to maintain a minimum current flow and thus pre¬ 
vent the high peak voltages which would exist at 
very light or no load. With this bleeder resistor, 
better voltage regulation results. All the compon¬ 
ents for the plus 140 volt supply are mounted on 
the left end gate. 

Tube Power Supply Chassis 

The tube power supply chassis contains all com¬ 
ponents enclosed in the dash-dotted section in Sec¬ 
tion 4 of the main wiring diagram. The tube 
power supply transformer for 115 volt A.C. oper¬ 
ation is provided with taps on the primary in 5- 


volt steps to permit constant secondary output 
voltages at primary voltages of from 100 volts to 
125 volts. The taps are connected through a tap 
switch to post CH10 and to post 10. The extreme 
right-hand setting is the 100 volt tap. When the 
tap switch is set to the extreme left-hand setting, 
the transformer primary is disconnected. The tap 
switch is mounted on the power supply chassis and 
is accessible from the front of the machine by low¬ 
ering the left front cover. 

Note that the circuit to the transformer pri¬ 
mary passes through the HD2 contacts. The oper¬ 
ation and purpose of this relay was discussed in 
connection with the time delay circuits. The cir¬ 
cuit through the primary is from post 9, through 
HD2 contacts, post CH7, primary coil, tap switch, 
post CH10, to post 10. The secondary of the 
transformer is in two equal sections, one delivering 
3 88 volts RMS approximately, and the other ap¬ 
proximately 364 volts RMS. These values vary 
with the setting of the tap switch. Each section 
is centered-tapped to allow full-wave rectification, | 

The upper section shown on the circuit supplies 
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+ 150 volts for the anode voltage and -2 50 volts 
for bias voltage, while the lower section supplies 
-100 volts for bias voltage. A voltage regulating 
circuit is provided between the +150 volt and the 
-100 volt lines to maintain a constant ratio be¬ 
tween anode and grid voltages. This circuit will 
be discussed shortly. 

The tube power supply transformers along with 
the rectifiers and chokes are shown in Figure 54. 
Note that all transformers are supplied with 
grounded electrostatic shields, indicated as dotted 
lines between the primary and secondary windings 
in Figure 54. The purpose of these electrostatic 


shields is to prevent any high frequency transients 
in the A.C. line from being passed to the secondary 
through the capacity coupling between windings. 
With these shields any transients are by-passed to 
ground. 

Full-wave rectification to obtain +150 volts and 
-100 volts is accomplished by directly heated, gas 
filled, twin diodes. Heater current is supplied to 
both rectifier tubes by a separate filament trans¬ 
former as shown in Figure 54. The chokes are con¬ 
nected to the center taps of the corresponding fila¬ 
ment transformer secondaries to provide a more 
nearly constant output. 



Figure 54. Tube Power Supply Transformers, Rectifiers, and Chokes 
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The anode supply rectifier is a type EL-3C di¬ 
rectly heated twin diode manufactured by Elec¬ 
trons, Inc., of Newark, N. J. The -100 volts bias 
supply rectifier is a type EL-lC. Both are xenon 
filled and have an internal drop of approximately 
12 volts when conducting. Characteristics of these 
tubes are shown below: 


Type EL-lC 

DC Current (Maximum Rated Output) 

Type EL-3C 

Continuous 

1.0 ampere 

2.5 amperes 

Surges (3 seconds or less) 

1.5 amperes 

3.7 amperes 

Oscillograph peaks 

4.0 amperes 

10.0 amperes 

(continually recurring) 

Peak Inverse Voltage 

725 volts 

725 volts 

(maximum instantaneous) 

A.C. Volts per Anode 

12-250 volts 

12-250 volts 

Tube Drop 

12 volts 

12 volts 

Filament Voltage 

2.5 volts 

2.5 volts 

Filament Current 

6.5 +0.5 
amperes 

11.5 +1.0 
amperes 


To provide the best voltage regulation, choke 
input filters are used in the +150 volt and -100 
volt lines. The ratings of the chokes and capaci¬ 
tors are shown on the circuit diagram and on Fig¬ 
ure 54. The chokes Ll and L2 are mounted beside 
the power supply transformer. Choke L3 and all 
capacitors are mounted under the chassis and are 
accessible only when the chassis is removed. 

The purpose of the 0.1 mfd capacitor across the 
electrolytic capacitors is to protect the electrolytics 
by by-passing high frequency transients. Electro¬ 
lytic capacitors by their nature do not readily pass 
high frequencies. 

Note that the output across the filter capacitors 
of both the +150 volt line and the -100 volt line 
is 150 volts D.C. This is arrived at by subtracting 
the voltage drop across the rectifier tube and across 
the choke from the RMS voltage across one-half 
the secondary and converting the resulting RMS 
voltage to average voltage, since the filter capaci¬ 
tors charge to the average voltage when a choke 
input filter is used. (RMS voltage = 0.707 peak 
voltage, and average voltage = 0.636 peak volt¬ 
age.) To obtain 100 volts for the —100 volt line, 
the voltage ratio regulator circuit provides a regu¬ 
lated 50 volt drop. 


Before discussing the voltage regulator, the rec¬ 
tifier circuit for the —2 50 volt bias supply will be 
discussed. The load on this line is very light and 
consequently a vacuum tube is used. The tube 
used is a type 2 5Z6 twin diode. Note in Figure 
5 5 that the cathodes of the 25Z6 are connected 
across the upper section of the transformer secon¬ 
dary. It is necessary to reverse the connections in 
this case because the output from this rectifier 
must be negative with respect to ground, and the 
same common ground as the +150 line is used. 
Since the load is very light on this line (approxi¬ 
mately 10 ma), satisfactory voltage regulation can 
be obtained with a capacitor input filter. In this 
manner a higher output voltage can be obtained 
since the capacitors charge to peak voltage. This 
is necessary in this case because only about 190 
volts RMS are available at the transformer yet 250 
volts D.C. are needed at the output. The 50,000 
ohm resistor across the 16 mfd electrolytic capaci¬ 
tors serves the usual function of a bleeder resistor, 
i.e., to maintain a minimum current and thus pre¬ 
vent excessively high peak voltages across the cap¬ 
acitors. All the components for this rectifier are 
mounted under the chassis and are accessible only 
by removing the chassis. 

In order to provide an adjustment of the -250 
volt supply, a rheostat is mounted between the an¬ 
odes of the 25Z 6 and the choke L3. By adjusting 
the amount of voltage drop across the rheostat, the 
output can be maintained at -2 50 volts. The rheo¬ 
stat adjusting knob is accessible through a hole at 
the rear of the power supply chassis. 

Constant Ratio Voltage Regulator 

The purpose of the voltage regulating circuit in 
the -100 volt line is to maintain a constant ratio 
between the anode voltage and the grid voltage. It 
is very important in the operation of the electronic 
computing section that the same relation be main¬ 
tained between the anode voltage and the grid 
voltage. If the anode voltage drops sharply owing 
to a suddenly applied load, the bias voltage must 
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be made less negative to compensate for this. Any 
increase in anode voltage requires a more negative 
bias voltage. If the A.C. supply voltage changes, 
both anode and grid bias voltages change, and the 
regulation circuit merely adjusts for the proper 
ratio between the two. 

Note that a resistor network consisting of a 
36,000 ohm resistor, a 10,000 ohm potentiometer, 
and a 20,000 ohm resistor is connected between the 
+ 150 volt and the -100 volt line. Also note that 
a 10,000 ohm resistor by-passed by a 0.1 mfd cap¬ 
acitor is connected across the -100 volt terminals. 
The 10,000 ohm resistor serves as a bleeder for the 
-100 volt line, and the 0.1 mfd capacitor serves as 
a by-pass across the —100 volt line for high fre¬ 
quency transients. The regulator tubes consist of 
three type 25L6 beam power tubes connected in 
parallel between the filter output and the ground 
line. 

The bias voltage is originally adjusted at —100 
volts by the potentiometer. The adjusting knob 
of the potentiometer is accessible from the rear of 
the machine through a hole in the rear of the 
chassis. The 3,300 ohm screen grid resistors and the 
10,000 ohm control grid resistors are both current 
limiting resistors and do not enter into the opera¬ 
tion of the regular circuit other than to stabilize 
the tube operation. Observe that the screen grid 
resistors are tied to the +150 volt line. This ar¬ 
rangement provides increased current through the 


2 5L6’s. Note that the heater filaments of all 25L6’s 
along with the heater for the 2 5Z6 rectifier are 
connected in series across post 12 and post 13. 100 

volts A.C. is available across these terminals of the 
main transformer. All components of this regu¬ 
lator circuit except the tubes are mounted under 
the chassis and are accessible only if the chassis is 
removed. 

In order to simplify the explanation of the reg¬ 
ulator circuit, a schematic drawing showing only 
the essential elements is illustrated in Figure 56. 
The output from the filters is represented by bat¬ 
teries of the corresponding polarity, and the three 
2 5L6’s have been replaced by a single triode. In 
this circuit the tube acts as a variable resistance 
controlled by the grid voltage. The value of tube 
resistance is varied so as to maintain the proper 
voltage across the —100 volt line at all times. The 
voltages existing, together with polarities, are 
shown in Figure 56 when all conditions are normal. 
The voltage drops across Ri, P, and R? can be com¬ 
puted by determining the current flow through 
the resistors, then calculating the IR drop across 
each. Or the voltage drops may be computed by 
the ratio of resistors as follows: 


E 

Rl 


— 250 X 


Ri 

Ri + P + R, 


etc. 


For sake of illustration, it is assumed that the 
tap on the potentiometer is set so that there is a 
9 5 volt drop from the -100 volt line to the grid. 
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Figure 56. Schematic oi Voltage Ratio Regulator Circuit 


Because of the polarity of the IR drop across the 
resistors, this 95 volts can be subtracted from -100 
volts to obtain the grid potential (cathode is at 
ground potential, or at zero potential). This means 
that the grid is at —5 volts, and sufficient current 
flows through the tube to provide a 50 volt drop 
in the line. This 50 volts subtracts from the bat¬ 
tery voltage of 150 volts and leaves 100 volts across 
the -100 volt line. As long as conditions remain 
normal, nothing further happens. 

Assume now that a heavy load is suddenly ap¬ 
plied across the +150 volt line. The tendency will 
be to drop the voltage across this line. The job 
of the regulator is then to make the -100 volt line 
less negative to compensate for the drop in anode 
voltage. For sake of analysis assume the anode 
voltage drops to +130 volts as indicated in paren¬ 
thesis. Then the new voltage drops across the re¬ 
sistors on the basis of 230 volts across the network 
are shown in parenthesis. This change will produce 
a voltage of -12.5 volts at the grid (100 - 87.5), 
and the current through the tube will be consider¬ 
ably decreased. The decrease in current means an 
increased voltage drop across the tube. An in¬ 
creased tube drop leaves less voltage across the -100 


volt line, thus producing the desired result. An¬ 
other way of looking at this is that the decreased 
tube current results in a decreased IR drop across 
R 3 which is across the -100 volt line. 

Of course the operation will be reversed if the 
anode voltage increases. If both anode and grid 
voltages change owing to variations in the A.C. 
supply, the regulator again adjusts for the proper 
ratio between the two. An analysis in this case 
is more difficult, but the end result is the same. 

The circuits shown outside the chassis on the 
main wiring diagram have already been discussed 
in connection with the punch unit circuits. 

Screen Grid Supply 

Although it is not included in the power supply 
chassis and not shown in the punch circuit dia¬ 
gram, there is a separate +65 volt supply for the 
screen grids of all tetrodes and pentodes in the 
electronic computing unit. This power supply is 
located on the B chassis (Section 30B), and the 
circuit is shown in Figure 57. It was necessary to 
place this power supply on the B chassis because 
the original design did not call for a +65 volt sup¬ 
ply. When it was decided that this supply was 
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necessary, there was no room on the power supply 
chassis for the additional tubes and components. 

The +65 volt supply is in reality a voltage reg¬ 
ulator circuit. Since +150 volts were already avail¬ 
able in the machine when this supply was added, 
the easiest method of obtaining +65 volts was by 
means of a voltage regulator circuit which pro¬ 
vided an 8 5 volt drop across the 150 volt line. This 
provided a 65 volt supply between the ground line 
and the cathodes of the regulator tubes. In order 
to provide a constant voltage, a voltage regulating 
circuit under the control of a 6SJ7 pentode is pro¬ 
vided. The operation of this circuit follows: 

A study of the circuit in Figure 57 will reveal 
that four type 25L6 beam power tubes are con¬ 
nected in parallel between the +150 volt line and 
the +65 volt line. Four tubes are necessary to 
handle the current requirements of this supply. 
Obviously, there must be an 8 5 volt drop across 
these tubes. Since the D.C. voltage drop across a 
vacuum tube varies with the amount of current 
passing through it, it is necessary to regulate the 
amount of current so that the proper anode cur¬ 
rent flows at all times to maintain this 8 5 volt drop. 
This is done by adjusting the grid potential of the 


2 5L6’s. Note that all the grids are connected to¬ 
gether to the anode of the 6SJ7 pentode. Any 
change in anode current through the 6SJ7 will pro¬ 
duce a change in potential at its anode owing to 
the change in IR drop through the anode resistor. 
Any change in potential at the anode of the 6SJ7 
will be felt at the grids of the 2 5L6’s. Consequent¬ 
ly, by adjusting the current flow through the 6SJ7, 
the current flow through the 2 5L6’s can be ad¬ 
justed. This provides a means of obtaining very 
close control, since the 6SJ7 has an extremely high 
amplification factor. A very slight change in grid 
potential on the 6SJ7 will produce an appreciable 
change in grid potential at the 25L6’s. 

The grid of the 6SJ7 is normally biased at ap¬ 
proximately -1 volt by means of the potentio¬ 
meter. This setting provides the proper potential 
on the 25L6 grids to provide +65 volts between 
ground and the 25L6 cathodes. This 65 volt po¬ 
tential is maintained at a constant value as follows: 

The voltage divider R± and Ro provides a volt¬ 
age drop of 19 volts across R 5 , thus placing the 
cathode of the 6SJ7 at +19 volts. Between the 
ground line and the +65 line there is a resistor net¬ 
work consisting of resistors Ri and R? and poten- 
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tiometer P. The voltage at the top of each com¬ 
ponent is shown in Figure 57. As previously shown, 
these values are easily computed by the ratio of 
resistances. The voltage at the top of R 2 is + 12.5 
volts and at the top of P is +23 volts; hence by 
adjusting the potentiometer tap, the grid can be 
set anywhere from +12.5 volts (-6.5 volts with 
respect to cathode which is at +19 volts) to +23 
volts (+4 volts with respect to cathode). This ad¬ 
justment is made only once when the 65 volt sup¬ 
ply is being adjusted to the line voltage. Thereafter 
adjustment is automatic. Assume, for example, 
that the +150 volt line tends to drop in voltage. 
Phis will in turn reduce the voltage across the 65 
volt supply, meaning a lower voltage drop between 
ground and the tap on potentiometer P. Less volt¬ 
age at this tap means a more negative grid on the 
6SJ7, since the cathode remains at essentially +19 
volts at all times. The more negative grid means 
a decreased anode current with a consequent re¬ 
duction in IR drop across R3, the anode resistor of 
the 6SJ7. A lower IR drop across R3 means a less 
negative voltage at the anode of the 6 SJ 7 . This 
is the voltage of the 25L6 grids; hence the 25L6 
grids will be less negative than before and more 
anode current will flow with the consequent re¬ 
duction in drop across the 25L6’s and increase the 
65 volt line. In this manner the 65 volt supply 
is restored to its proper value. 

Any change in the opposite direction will make 
the 6SJ7 grid more positive which, in turn, will 
make the 25L6 grid more negative. This will in¬ 
crease the drop across the 2 5L6’s and again 65 volts 
will be maintained across this supply. 

The 100 ohm screen grid resistors in the 25L6 
circuits are current limiting resistors. Low values 
were selected to allow maximum current without 
damage to the screen grids. The 10,000 ohm con¬ 
trol grid resistors are also current limiting resistors. 
These resistors also provide more stable tube opera¬ 
tion. The 8 mfd capacitor across the 65 volt line 
serves as a filter with the 10,000 ohm resistor Re 
as its bleeder. R 0 serves the purpose of a dummy 


load in case the operating load is removed. An 
extremely high resistance is used at R-j in the 
anode circuit of the 6SJ7 to provide very close 
control. A very slight change in anode current 
produces a large change in voltage drop across R3. 
For example, a 1 micro-ampere increase in anode 
current increases the IR drop across R 3 by 5 volts. 
Note: The 6SJ7 may be replaced by a 6SK.7 in an 
emergency. A slight readjustment of the 
potentiometer may be necessary. 

On some early models the 12,500 ohm 
resistor, which is part of the voltage divider 
which establishes the cathode potential of 
the 6SJ7 tube B-26 (Section 30B on wiring 
diagram) is a 0.5 watt carbon resistor. The 
load across this resistor is considerably more 
than 0.5 watt, consequently this resistor 
overheats and changes in value, thereby 
causing fluctuations in the +65 volt supply. 
This carbon resistor should be replaced by 
a 12,500 ohm, 5 watt, wire-wound resistor 
as indicated on the wiring diagram. 

Voltage Adjustments 

When it is desired to adjust the voltage supplies, 
a definite procedure should be used to insure that 
one change does not affect the other. First, the 
filament voltage should be checked for 110-115 
volts. If a change is necessary, the voltage tap on 
the main transformer primary can be moved to 
either post 18, 19, or 20 . The series filament 
strings are designed for approximately 113 volts, 
but a slightly lower voltage will considerably in¬ 
crease the life of the tubes. However, a slightly 
longer time must be allowed for the tubes to heat. 
Changing the primary tap on the main transformer 
will change the voltage output from the selenium 
rectifiers slightly, but these voltages are not criti¬ 
cal and are usually higher than necessary. 

The first adjustment in the tube power supplies 
is the +150 volt supply. This output is adjusted 
by varying the position of the tap switch in the 
primary of the power supply transformer. By 
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varying the position of the tap switch, the voltage 
across the secondary is changed. Since the voltage 
drop across the tube and the choke does not vary 
to any extent, any change in the secondary volt¬ 
age will result in a change in the +150 volt line. 
147 to 152 volts are acceptable. 

After the +150 volt line is adjusted, the bias 
voltages may be adjusted in any order. The -100 
volt line and the -2 50 volt line are both adjusted 
by means of potentiometers. Both potentiometers 
are accessible from the rear of the power supply 
chassis. The +65 volt supply is also adjusted by 
means of a potentiometer in the B chassis. 

PRINCIPLE OF MULTIPLYING 

Multiplication is performed in this machine by 
over-and-over addition of the multiplicand factor. 
The value of the multiplier digit determines the 
number of times that the multiplicand is to be 
added into the product counter. The order of the 
digit (i.e., units, tens, etc.) determines which posi¬ 
tions of the product counter will receive the mul¬ 
tiplicand factor and also during which column 
shift cycle the adding will take place. An example 
of multiplication by over-and-over addition is 
shown in Figure 58. Observe that no adding oc¬ 
curs in the 12th position of the product counter; 
this position is reserved for carry-overs. This 
method of multiplication is the simplest possible 
since only three counters are required. This method 
is not feasible for mechanical machines, because 
the time required to complete a problem is too 
great. However, electronic addition is so rapid 
that it permits use of this simple method. The time 
required by the electronic unit to complete a prob¬ 
lem by this method corresponds to slightly over 
one-half a cycle point of mechanical movement of 
the card through the punch unit. 

Observe that the column shifting is performed 
in the reverse order to that customarily done when 
multiplying by hand. The order of column shift¬ 
ing is immaterial, as the final result will be the 


same regardless of the order in which the multiplier 
factors are taken. In the 603 multiplier, column 
shifting is from the 6th multiplier position to the 
first simply because the earliest engineering model 
required it. When changes were made which no 
longer required reverse column shifting, it was felt 
that it was not feasible to make the necessary cir¬ 
cuit changes to establish normal column shifting. 

Note from Figure 5 8 that no addition occurs 
during column shift cycles in which the multiplier 
is 0. Mechanical machines usually have some ar¬ 
rangement to test for 0’s so that all multiplier posi¬ 
tions containing 0 may be skipped. This compli¬ 
cates the machine but saves time. Where time is 
not a factor, this unnecessary complication may be 
eliminated by completing all the column shift 
cycles regardless of the value of the multiplier 
digit. This is done in the 603 electronic comput¬ 
ing unit; six column shift cycles are taken for 
every multiplication regardless of the value of the 
multiplier. 

Also observe from Figure 58 that the multipli¬ 
cand is added into the product counter as many 
times as the value of the multiplier digit by which 
multiplication is taking place. This means that 
during any given column shift cycle, the multi¬ 
plicand may have to be added as many as 9 times. 
Again, to avoid unnecessary complications a fixed 
number of adding cycles are taken each column 
shift cycle regardless of the value of the multi¬ 
plier digit. In the 603 computing circuits ten 
adding cycles are taken during each column shift 
cycle rather than nine for reasons explained later. 
This means that each multiplication consists of six 
groups of ten adding cycles, or a total of 60 add¬ 
ing cycles. 

The computing section of the 603 multiplier is 
arranged so that a definite number of voltage 
pulses represent an adding cycle. For an analogy 
to a mechanical machine, one pulse may be con¬ 
sidered as one cycle point of the basic adding cycle. 
The basic adding cycle consists of 16 pulses; 10 are 
reserved for adding, 4 for carrying, and the other 
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2 for setting up certain circuits. It is obvious then 
that one multiplication will require a total of 960 
pulses, since there are 60 adding cycles of 16 pulses 
each. In order to establish these cycles electron¬ 
ically it is necessary to provide pulse counters. 
Three of these pulse counters are provided—one 
to count pulses and establish the basic adding 
cycle; one to count adding cycles and determine 
when to column shift; and one to count column 
shift cycles. These three pulse counters are called 


the primary timer, secondary timer, and tertiary 
timer. Figure 59 is a block diagram showing the 
operation of the three timers in schematic form. 
A careful study of Figure 59 is essential for proper 
understanding of the electronic cycle. All pulses 
for the electronic computing operation are gener¬ 
ated by a multivibrator which is an oscillator gen¬ 
erating essentially square waves of 3 5,000 cycles 
per second frequency. The multivibrator gener¬ 
ates pulses continually as long as the power is on. 
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Figure 59. Block Diagram oi Timers 


but these pulses cannot pass to the timers until per¬ 
mitted by the electronic start switch. The start 
switch is controlled by an electronic start and stop 
control which opens the switch and closes it. For 
an analogy, the electronic switch may be visual¬ 
ized as a valve. An open switch permits pulses to 
pass while a closed switch prevents passage of 
pulses. After the factors are read into the counters 
from a card passing the entry brushes, the compute 
start contact P24 makes (at 11.5 on the punch in¬ 
dex) to start computing. This is done by opening 
the start switch and permitting pulses to pass to the 
electronic timers (or pulse counters). On every 
16th pulse entering the primary timer, a carry 
pulse is passed to the secondary timer which ad¬ 
vances 1 to indicate that one adding cycle has been 
completed. When 10 adding cycles are completed, 
the secondary timer carries, and a pulse is passed 
to the tertiary timer to signal a column shift. 
When 6 column shift cycles have been completed, 
a pulse from the tertiary timer passes to the com¬ 
pute stop control, and the start switch is again 
closed, thus stopping the pulses from passing to the 
timers after 960 pulses have been counted and in¬ 
dicating the completion of the problem. This entire 
operation requires only 27 milliseconds during 
which time the punch index moves 6 teeth. 


As an example of the multiplication operation, 
4x8 may be used as a problem. The multiplier 
4 indicates that the multiplicand 8 is to add into 
the product counter 4 times. The 8 in the multi¬ 
plicand counter indicates that the product counter 
is to receive 8 impulses during each of four adding 
cycles for a total of 32 pulses. 

Figure 60 indicates the machine operation in 
schematic form. Since the only digit in the mul¬ 
tiplier is in the units position, not until the sixth 
column shift cycle will there be signals to cause 
addition in the product counter. Then during the 
sixth column shift, 8 pulses are added into the 
product counter during each of the last four add¬ 
ing cycles. Observe that the machine goes through 
all adding cycles and all column shift cycles even 
though addition occurs only during the last four 
adding cycles of the last column shift cycle. 

For a more complete illustration, the same prob¬ 
lem shown in Figure 58 is worked out in detail in 
Figure 61, showing all the adding cycles through 
which the machine goes to complete one multipli¬ 
cation. Notice that during the entire first column 
shift cycle consisting of ten adding cycles no add¬ 
ing takes place because there is a 0 in 6th position 
of the multiplier. During the second column shift 
cycle the multiplicand is added into the product 
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counter only during the last four of the ten add¬ 
ing cycles, because the multiplier digit in the 5 th 
position is a 4, etc. 

If half-entry is being used, a 5 is added into the 
proper position of the product counter during the 
first adding cycle of the last column shift cycle. 
Observe that except for half-entry, no adding takes 
place in the products counter during the first add¬ 
ing cycle of each column shift. One reason for 
having ten adding cycles in each column shift cycle 
is to permit half-entry during a cycle when no 
other addition is taking place. 

Figure 61 indicates how the machine determines 
the number of times to add the multiplicand 
amount in the product counter during any given 
column shift. One position of the multiplier is 


advanced 1 during each adding cycle. Since there 
are ten adding cycles in each column shift, each 
position will advance through 0 and back to where 
it started. When the counter position goes from 
9 to 0, a signal is provided to start adding the mul¬ 
tiplicand on the next adding cycle and to continue 
through the tenth adding cycle. Figure 61 shows 
this operation for all six column shift cycles. There 
are no carry circuits in the multiplier counter; 
hence adding ten pulses to each position will return 
the counter to its original reading. The chief rea¬ 
son for having ten adding cycles in each column 
shift instead of nine is to permit restoration of the 
counter to its original reading at the completion 
of a multiplication. This is necessary when group 
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multiplying, because the same multiplier is used 
for a large number of multiplications. 

For a more complete understanding of the mul¬ 
tiplying operation, the last column shift cycle in 
the illustration in Figure 60 is analyzed in detail 
in Figure 62. This schematic shows all that takes 
place in one position of the multiplicand and pro¬ 
duct counters during one column shift cycle. All 
column shift cycles are alike except for the digit 
in the multiplier; consequently, a careful study of 
Figure 62 should illustrate the principles employed 
by the 603. 

Observe that Figure 62 illustrates 10 adding 
cycles (laid out horizontally) divided into 16 
pulses each (vertical divisions). Also observe that 
the pulses are not numbered from zero; the first 
pulse is number 15. This method of counting the 
pulses is used for the same reason that the first 
division on the punch index after unlatching is 
14 instead of 9- A short time is necessary for setup 
before addition starts, and it is desired to have the 
pulse number correspond to the actual number of 
pulses added into the multiplicand counter. 

As indicated in Figure 62, near the end of each 
adding cycle one pulse is added to the multiplier 
position corresponding to the column shift cycle. 


This pulse is the number 12 pulse of each cycle 
(14th pulse from the start of the cycle). Since 
there are ten adding cycles, the multiplier position 
will return to its original reading in the tenth add¬ 
ing cycle. During the 6th adding cycle the mul¬ 
tiplier position advances from 9 to 0. This provides 
a signal to the multiplicand to add into the product 
once during each of the 4 remaining adding cycles. 

The method of transferring the multiplicand to 
the product counter is also shown in Figure 62. 
When the signal is received from the multiplier 
counter, each position of the multiplicand counter 
receives 10 pulses during each of the remaining 
adding cycles of the column shift cycle. This 
means that each position of the multiplicand is 
"rolled” once each adding cycle and returned to its 
original reading. Since there are no carry circuits 
for the multiplicand counter, the counter may be 
rolled as many times as desired without changing 
the reading of the counter. When a position of 
the multiplicand counter is rolled, it passes from 
9 to 0 sometime during the adding cycle, as deter¬ 
mined by the value of the digit in that position. 
When this occurs, it is a signal for the product 
counter to receive all the remaining pulses of the 
group of 10. This effectively transfers the multi¬ 
plicand digit to the product counter; this transfer 
will occur once each time the multiplicand counter 
is rolled. An examination of Figure 62 will re¬ 
veal that in the illustrated problem the multipli¬ 
cand is rolled 4 times, and the product counter 
receives 8 of the 10 rolling pulses during each add¬ 
ing cycle that the multiplicand rolls. Since it re¬ 
quires 2 pulses to bring the multiplicand to 0, it 
means that the 8 remaining pulses pass to the pro¬ 
duct counter. 

Figure 62 illustrates only one position of the 
multiplicand counter. Remember that all six posi¬ 
tions will be rolling simultaneously during an ac¬ 
tual multiplication. From Figure 61 it will be 
remembered that the multiplicand is transferred to 
the product counter many times during the multi¬ 
plication. However, each transfer is identical to 
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Figure 63. Operation of Multiplicand Card Counter 
During Transfer to Product Counter 


the other except for the positions of the product 
counter which receive the multiplicand. Figure 
63 illustrates in detail one adding cycle during 
which the multiplicand is transferred to the pro¬ 
duct counter once. Observe that each position of 
the multiplicand is rolled through 0 and back to 
its original reading. In each position a double line 
is drawn at the pulse number where that position 
passes from 9 to 0. The corresponding position of 
the product counter will receive all the pulses re¬ 
maining of the 10 rolling pulses. In this way six 
positions of the product counter, as determined by 
the column shift position, will receive the proper 
number of pulses to add the multiplicand amount 
in the product counter. 

A block diagram showing all the operations tak¬ 
ing place when multiplying in the computing sec¬ 
tion is shown in Figure 64. All slow-speed pulses, 
which travel through the cable either to or from 
the punch unit in synchronism with the card 
movement through the punch, are shown in heavy 
lines to distinguish from the high-speed computing 
pulses in the electronic unit. Dotted lines indicate 


locking circuits, and light solid lines indicate puls¬ 
ing circuits. 

The master timer for the computing section is 
the multivibrator, which is a square wave oscillator 
generating essentially square waves of 3 5,000 cycles 
per second frequency. The clipper clips the mul¬ 
tivibrator output to square the top of the wave, 
and its output is fed to the "A” and "B” pulse 
tubes which produce almost perfect square waves 
180° out of phase with each other. In other words, 
"A” pulses are going positive at the same time “B” 
pulses are going negative, and vice versa. These 
pulses are used throughout the computing section 
for high-speed computing. "A” and "B” pulses 
are being produced continuously as long as power 
is on the tubes, but nothing happens until the start 
switch is opened to allow the pulses to start a com¬ 
putation. The reason for two pulse sources will 
become apparent when the actual circuits are dis¬ 
cussed. 

The multiplier and multiplicand factors are read 
into their corresponding counters from the card as 
it passes the entry brushes. The principle used in 
reading into electronic counters will be discussed 
later in the circuit description. 

After the factors are read into the counter, P24 
cam contact makes to start the computation. P24 
trips the start trigger and opens the start switch 
to start the primary timer by feeding a stream of 
"A” pulses to it. As previously explained, the pri¬ 
mary timer is an electrical timer which counts 16 
pulses to establish the basic adding cycle. The op¬ 
eration of all computing circuits is based on this 
timer. The primary timer counts 16 pulses and 
then returns to zero to produce a 16-point cycle 
effectively. Thus the reading of the primary timer 
is equivalent to the index used in the punch unit. 

The primary timer in turn operates the secon¬ 
dary timer which in turn operates the tertiary 
timer. For every primary cycle (or adding cycle) 
the secondary timer receives one pulse and advances 
one. After 10 pulses the secondary timer returns 
to zero and starts over, at the same time advancing 
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the tertiary timer one; hence, it is obvious that the 
tertiary timer advances once for each 10 primary 
cycles. The secondary timer provides 10 adding 
cycles in each column shift position while the ter¬ 
tiary timer controls the column shift. 

During each primary cycle, a pulse is passed to 
the multiplier counter by the multiplier advancing 
control through the multiplying control switch, 
thus advancing the proper position of the multi¬ 
plier 1. The multiplier counter position receiving 
the pulse depends upon the column shift position 
as indicated in Figure 64 by the dotted line from 
the column shift control to the multiplying con¬ 
trol switch. Thus, at the beginning of a computa¬ 
tion the pulse is passed to the 6th position of the 
multiplier counter, since column shifting is from 
left to right. During the adding cycle that the 
6th position passes from 9 to 0, a carryover pulse 
through the multiplier output inverters opens the 
10-pulse switch through the multiplicand output 
control to start rolling the multiplicand counter. 
For example, if the 6th position of the multiplier 
contains a 3, this counter position would pass from 
9 to 0 during the cycle in which it received its 
seventh pulse from the multiplier advancing con¬ 
trol. This means that there are 3 adding cycles 
left in the first position of column shift, and the 
multiplicand counter will be rolled three times in 
this column shift position. 

Rolling the multiplicand counter is accomplished 
by adding 10 pulses to all positions of the multipli¬ 
cand counter. Since there are no carry circuits for 
the multiplicand (or multiplier) counter, after ten 
pulses, each position will return to the same reading 
from which it started; a signal carry pulse will be 
provided from each position through the multipli¬ 
cand output control when that position advances 
from 9 to 0. This carry pulse opens the column 
shift switches which have been conditioned for the 
first column shift position, and ”B” pulses start 
adding into the product counter. The 10th rolling 
pulse then closes the column shift switches through 
the stop pulse control, and the product counter 


will have received as many pulses as the reading of 
the corresponding position of the multiplicand 
counter. In this same manner the figures in the 
multiplicand are rolled into the products counter 
three times during the first column shift cycle if 
there is a 3 in the 6th position of the multiplier. 
All carry pulses in the products counter are stored 
in the carry control section, and carry takes place 
at the end of each adding cycle (primary cycle). 

When 10 primary (or adding) cycles have been 
completed, the tertiary timer is signalled to ad¬ 
vance. The column shift control then feeds pulses 
to a new set of column shift switches to shift the 
output of the multiplicand over one column to the 
right in the product counter, and the 5th position 
of the multiplier counter starts receiving advanc¬ 
ing pulses. Again when a carryover occurs, the 
multiplicand starts receiving rolling pulses. After 
this operation has been performed six times, the 
computation is complete and the primary timer is 
stopped. 

Five pulses are added into the products counter 
during the first adding cycle of the 6th column 
shift cycle, if half-correction is wired on the con¬ 
trol panel. An explanation of this operation is re¬ 
served for the section on circuit description. 

After the end of the sixth column shift cycle, 
the product is retained until the card in the punch 
unit moves to punching position. To read out the 
answer from the product counter, CB’s in the 
punch unit start pulsing the product counter at 9 
on the index, and one is added to all positions of 
the product counter for each index point at the 
line of index. When a position in the products 
counter carries over, the carry pulse trips a power 
tube which energizes the corresponding punch 
magnet to cause punching of the proper digit in 
the card. A more complete description of this 
operation will be found in the circuit explanation. 

Computing Circuits — General 

The circuits for electronic computing are shown 
in Sections 21 through 80 of wiring diagram 
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213639A. The diagram is laid out by chassis to 
permit a close tie-in with the machine. None of 
the cable wiring is shown, but each cable wire or 
jumper is indicated at each chassis terminal on the 
wiring diagram. 

The terminals on the chassis are numbered from 
1 through 20 on the right side (facing the rear or 
wired side of the chassis). On the left side terminal 
strip the terminals are numbered 21 through 40. 
Across the top or bottom the terminals are num¬ 
bered 41 through 60. Since no chassis has both a 
top and a bottom terminal strip, the same number¬ 
ing is used for either top or bottom. Unused termi¬ 
nals retain their number and must be counted to 
locate the proper terminal. To prevent possible 
trouble from capacity coupling in the cables in the 
electronic unit, all cables carrying high-speed 
pulses traveling from one chassis to another are 
shielded. 

A color code is used to identify all power lines 
within a chassis. This code does not hold for the 
cable wires. The wiring diagram indicates the color 
coding used. For reference it is repeated below. 
Ground—Black 
+65 volts—Slate 
+ 150 volts—Red 
—100 volts—Green 
—100 volts—White 
(Cancel) 

-2 5 0 volts—Red-White 
115 volts A.C.—Blue 
(Filaments) 

Note: On some chassis on early models the -2 50 

volt lines were purple instead of red-white. 

The +65 volt supply was added after the orig¬ 
inal circuit layout was made, hence the +65 volt 
line is placed above the +150 volt line on the cir¬ 
cuit diagram. 

In addition to the color coding used on all the 
power lines, all controlled grid and suppressor cir¬ 
cuits are indicated by yellow wires. In some cases 
a slight departure from this rule is necessary, but 
usually a yellow wire indicates a grid or suppressor 


circuit. The cathodes of all tubes in the computing 
circuits (except the multivibrator) are connected 
to the ground line (zero potential), which is shown 
as a heavy line throughout all the electronic cir¬ 
cuits. 

There are only three types of tubes used in the 
computing circuits, namely, types 12SN7, 6SK7, 
and 2 5L6. The 12SN7 is a twin triode, used as a 
trigger, as a blocking tube, and as an inverter 
switch; the 6SK7 is a pentode used as an electronic 
switch; and the 2 5L6 is a beam power tetrode used 
as a power tube in circuits requiring power. Figure 
65 A shows the symbols for the tubes used, along 
with the pin connections on the tube, while Figure 
6 5B shows the socket connections. The tube sym¬ 
bols are also shown in Section 22B of the wiring 
diagram. Observe that the 2 5L6 symbol is shown 
on the wiring diagram as a pentode with the sup¬ 
pressor internally tied to the cathode, whereas Fig¬ 
ure 65A shows a symbol for beam-forming plates. 
The beam-forming plates act as a suppressor and 
for that reason the symbol often shows a suppressor 
tied to the cathode internally. In practical cir¬ 
cuits, however, neither is shown in order to sim¬ 
plify the symbols. All circuits show the 2 5L6 
with only two grids. 


6 SK 7 12 SN 7 25 L 6 




(b) Socket Connections 
Figure 65. Tube and Socket Connections 
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Since the three tube types mentioned are the 
only types used in the computing circuits, they are 
not labelled by tube type. Merely remember that 
all triodes are 12SN7’s; all tetrodes are 25L6’s; 
and all pentodes are 6SK7’s. As an aid to servicing, 
it is recommended that the pin connections of these 
three tube types be drawn on a card and the card 
kept in the bottom of the electronic unit for ready 
reference. 

Spare tubes for replacement purposes are 
mounted in unused positions on the L, M, and W 
chassis. These spare tubes are readily identified 
by white tube sockets. The spares in the L and M 
chassis are 12SN7’s, while the W chassis carries 
spare 2 5L6’s, 6SK7’s, one 6SJ7, and one 2 5Z6. 

All the tubes used in the computing circuits 
draw the same filament current of 0.3 amperes, 
consequently the tube filaments can be wired in 
series in any arrangement. In order to allow con¬ 
nection to a common source, the filaments are con¬ 
nected in series strings providing a total potential 
drop of approximately 113 volts. In some cases 
a string of filaments may include tubes from two 
different chassis. The exact arrangement will be 
found on the circuit diagrams for the individual 
chassis. The filaments do not directly affect the 
circuit operation and for this reason no further 
reference will be made to the filament circuit. In 
several instances dummy tubes are used to fill out 
a filament string. These can be readily identified 
because the tube socket is painted red. 

In describing the circuits, the control grids of 
all tubes will simply be referred to as grids, while 
the suppressor grids of the pentodes will be called 
suppressors. The screen grids of all the 25L6’s and 
6SK7’s are connected to a +65 volt supply line 
which is shown above the +15 0 volt line on the 
circuit diagrams. The screens of 25L6’s require 
a resistor in the circuit to limit the screen current. 
Resistors are used in the screen circuits of 6SK7’s 
only to prevent parasitic oscillations when several 
screens are wired in parallel. The screen grids may 


be ignored in the description of the circuits unless 
they serve a functional purpose. 

The anodes of all the tubes are connected to the 
+ 150 volt line through load resistors ranging from 
5000 ohms for the 25L6’s to 20,000 ohms for the 
12SN7’s and 6SK7’s. The +150 volt line is shown 
parallel to and directly above the ground line. The 
5000 ohm anode load resistors for the 25L6’s are 
5 watt wire-wound resistors to dissipate the energy 
in the anode circuit of the 2 5L6 power tubes, while 
the 20,000 ohm resistors are 0.5 watt carbon re¬ 
sistors of the BTS type. 

The circuits are designed and the tubes are con¬ 
trolled in a manner to assure positive operation and 
to overcome chance or unavoidable differences be¬ 
tween tubes of the same type. For this purpose, a 
tube is held non-conductive, when so required, by 
a potential on one of its grids which is considerably 
below cutoff. To drive a tube to a conducting 
state, its grid potential is given a tendency to rise 
considerably above cutoff. The grid resistor has 
a high value, so that grid current flow will bring 
the potential of the grid to the cathode potential. 

The potential necessary to cut off the various 
tubes with +150 volts on the anode is as follows: 


12SN7 _____ _..- 9 volts 

251.6 _-2 5 volts 

6SK7 _-17 vol'ts (grid) 


—40 volts (suppressor) 

To insure safe operation, the following poten¬ 
tials are maintained at the grids of the various 
tubes when they are cut off: 


12SN7 _-2 5 volts 

2 51.6 _-3 5 volts 

6SK7 _-3 5 volts (grid) 


-50 volts (suppressor) 

These potentials are maintained through resistor 
networks. The exact values of resistance in the 
voltage divider networks can be found in the cir¬ 
cuit diagrams for the individual chassis. It must 
be remembered that exact voltage values are not 
always attainable because standard available re- 
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sistors must be used. The values given above are 
approximate. 

If a tube is to be maintained in a conductive 
state, its grid is connected to a high positive poten¬ 
tial through a high value resistor. The grid cur¬ 
rent flowing through the grid resistor will reduce 
the grid potential to the cathode potential. Any 
tendency of the tube current to drop will be ac¬ 
companied by a reduction in grid current, hence 
the grid potential will rise and overcome the ten¬ 
dency of the tube current to drop. This method 
of connecting the grid in normally conducting 
tubes overcomes any difficulty which is due to var¬ 
iations in individual tubes. All normally conduct¬ 
ing tubes are indicated on the wiring diagram by 
placing an X under the cathode symbol. 

In many parallel arrangements, grid resistors are 
used to prevent parasitic oscillations. A parasitic 
oscillation is any undesirable oscillation in a circuit 
which interferes with its normal operation, or 
lowers its efficiency. Parasitics may result from a 
momentary fluctuation of current through a tube 
which causes grid potentials on other tubes to 
change. This would cause current through these 
other tubes to change, which in turn changes the 
potential on the grids of the first tube, and creates 
a continuous interaction or oscillation. By placing 
resistors in the grid circuits, the effect of potential 
variations in one tube on the grid of another is de¬ 
creased to a point where interaction is eliminated. 
An example of parasitic suppressing resistors is 
shown on the circuits for the C and D chassis. On 
the C chassis (Section 31) the suppressors of six 
6SK7’s are in parallel, while the D chassis (Section 
34) shows six grids in parallel. 

By-pass capacitors are also used in many cases 
throughout the computing section to prevent un¬ 
desirable effects by transient voltages. Transient 
voltages are very rapid voltage changes resulting 
from load changes, fluctuation in supply voltage 
arcs resulting from breaking inductive circuits, etc. 

Transients can cause parasitic oscillations if pro¬ 
per precautions are not taken. Also transients can 


cause improper operation of triggers. To eliminate 
possible transients caused by arcs, extreme care 
must be exercised to eliminate all arcs in the punch 
unit. 

The trouble resulting from arcing at HDl relay 
points may be used as an example. Although these 
points in the motor circuit are on the shielded side 
of the transformer, a heavy arc across its points 
will cause the product counter read-out trigger to 
operate and add Ts in the product counter. Of 
course this will happen only when the motor is 
being started. This trouble was eliminated by 
suppressing the arc with a 2 mfd capacitor across 
the HDl points. 

Transient voltage pulses may be transferred 
from one circuit to another by capacity coupling 
between wires in a cable. To minimize this possi¬ 
bility, all high-speed pulses traveling from one 
chassis to another not adjacent to it are carried by 
shielded cable. 

An example of by-pass capacitors used to elim¬ 
inate trouble from transients can be found in the 
circuit for the C chassis (Section 31). The .05 
mfd capacitors at the input to the read-in triggers 
are by-passes for transients. 

All resistor values are shown on the circuit in 
megohms. All capacitor values, shown as whole 
numbers, are in micro-microfarads, while capacitor 
values shown as decimals are in microfarads. 

All tubular capacitors and wire-wound resistors 
are stamped with their value. However, the value 
of molded mica capacitors and carbon resistors is 
indicated by color code only. The code used is 
shown in Figure 66. 

As an example, a resistor with a yellow stripe on 
the end, followed by a violet stripe, another yellow 
stripe, and a gold stripe will have a resistance of 
470,000 ohms, and the value will be within ±5 c /c. 
For another example, assume a molded mica capac¬ 
itor with a yellow dot at the upper left, followed 
by two black dots. The lower left has a green dot 
followed by a red dot and a gold dot. This code 
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A B CD 



(A) Resistor Color Coding (Values In ohms) 


Values in Ohms 


Color 

A 

1st 

Significant 

Figure 

Color 

B 

2nd 

Significant 

Figure 

Color 

C 

Decimal 

Multiplier 

Color 

D 

Resistive 

Tolerance 

Black 

0 

Black 

0 

Black 

_ 

None 

± 20% 

Brown 

1 

Brown 

1 

Brown 

10 

Silver 

10% 

Red 

2 

Red 

2 

Red 

100 

Gold 

=t 5% 

Orange 

3 

Orange 

3 

Orange 

1,000 



Yellow 

4 

Yellow 

4 

Yellow 

10,000 



Green 

5 

Green 

5 

Green 

100,000 



Blue 

6 

Blue 

6 

Blue 

1.000,000 



Violet 

7 

Violet 

7 

Violet 

10,000,000 



Gray 

8 

Gray 

8 

Gray 

— 



White 

9 

White 

9 

White 

— 




Third signiticont digit 

\ 

ScvC>nd significont digi 


First significant digit 





Arrows indicote 
direction of reading 


0 @ • 




Voltage Test 
Toleronce 
Oecimol Multiplier 

(b) Copacitor Color Coding (Values in micro-microforads) 


Capacitance in micromicrofarads (upf.) 


Dot 

Color 

Significant 

Figures 

Decimal 

Multiplier 

Capacitive 

Tolerance 

DC Test 
Voltage 

Dot 

Color 

A 

B 

C 

D 

E 

F 

Black 

0 

0 

0 


_ 

_ 

Black 

Brown 

1 

1 

1 

10 

± 1% 

100 

Brown 

Red 

2 

2 

2 

100 

± 2% 

200 

Red 

Orange 

3 

3 

3 

1.000 

± 3% 

300 

Orange 

Yellow 

4 

4 

4 

10.000 

± 4% 

400 

Yellow 

Green 

5 

5 

5 

100.000 

± 5* 

500 

Green 

Blue 

6 

6 

6 

1.000,000 

± 6* 

600 

Blue 

Violet 

7 

7 

7 

10,000.000 

± 7* 

700 

Violet 

Gray 

8 

8 

8 

100.000.000 

± 8% 

800 

Gray 

White 

9 

9 

9 

1.00.000,000 

± 9* 

900 

White 

Gold 

— 

_ 

— 

0.1 

± 5* 

1,000 

Cold 

Silver 

— 

— 

— 

0.01 

it 10% 

2,000 

Silver 

No Color 

— 

— 

— 

— 

±20% 

500 

No Color 


Figure 66. Color Coding Used on Carbon Resistors and Mica Capacitors 


will signify a 40 mmfd capacity accurate within 
±2 c /c and tested for operation up to 500 volts. 

BASIC CIRCUITS 

Before proceeding with the actual electronic cir¬ 
cuits, several elementary principles will be reviewed 
and several basic circuits which will facilitate later 
explanations will be discussed. 

In all the electronic circuits, voltages are referred 
to the cathode. The cathode will thus be at zero 
voltage and all voltages positive with respect to the 
cathode will be considered above the cathode and 
will be indicated with a plus sign ( + ). All volt¬ 
ages negative with respect to the cathode will be 
considered below the zero voltage of the cathode 
and will be indicated with a minus sign (—). For 
example, in the simple triode circuit of Figure 67A, 
the grid is at —2 5 volts and the anode is at —J—150 
volts. 

In Figure 67 A it is assumed that the triode will 
cut off at -15 volts; therefore, no current flows in 


the anode circuit since the grid is at —25 volts. 
With no current flowing through the load resistor 
R there will be no potential drop across it, and 
point A will be at the same potential as the battery 
+ terminal, i.e., +150 volts. In Figure 67B the 
switch S has been transferred over to the cathode, 
thus placing the grid at cathode potential. Con¬ 
duction will take place through the tube and 
through the load resistor R. Assume that 10 milli- 
amperes of current pass through the tube. With 
the given value of 10,000 ohms for the load resis¬ 
tor, the potential drop across R will be 100 volts. 
The direction indicated is the direction of electron 
flow in conformity with the direction of flow 
through the tube. The potential drop across the 
tube will be E = Ea - IR = 1 50 - 100 = 50V, 
since the sum of the potential drops across the 
series components of a circuit must equal the po¬ 
tential of the source. The potential at the midpoint 
tap M in Figure 67 A is +150 volts before con¬ 
duction starts. However, when the tube is con¬ 
ducting, the potential at point M is +100 volts. 
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Figure 67. 

This is evident from the fact that the two halves 
of resistor R can be considered as two equal resis¬ 
tors with a 50 volt drop across each. 

This change in potential at the anode of a tube, 
when conduction takes place, can be utilized to 
control another tube by connecting the grid of the 
second tube to the anode of the first as shown in 
Figure 68. The grid battery Eg2 is necessary to 
reduce the potential on the grid of T2 to the de¬ 
sired negative potential when the tube is cut off. 




Basic Notation 

i 

The potential of this battery must be the potential 
at point A when Tl is conducting plus the desired 
negative bias for T2. Assuming the same tube as 
shown in Figure 67, the potential at point A when 
Tl is conducting is +50 volts. It is desired to 
bias T2 at -2 5 volts; hence Eg2 must be a 75 volt 
battery. As long as Tl is conducting, the grid of 
T2 is at -2 5 volts and T2 cannot conduct. How¬ 
ever, when the switch S is transferred to the -2 5 
volt tap, Tl is cut off, and no current flows 



Figure 68. Control of One Triode by Another 
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+ 50 



through Rl. With no IR drop across Rl, the po¬ 
tential at point A is the same as the 150 volt bat¬ 
tery potential at the plus terminal, i.e., +150 volts. 
This means that the grid of T2 will now be at +75 
volts (150 volts — 75 volts) and conduction will 
take place through T2. Therefore, T2 can con¬ 
duct only if T1 is not conducting. In this manner 
T2 can be controlled by controlling Tl. 

The circuit of Figure 68 is not a practical one. 
A more practical circuit using a resistor network 
to obtain the grid bias of T2 is shown in Figure 69. 
In this circuit a voltage divider consisting of Rl 
and R2 is connected between the anode of Tl and 
the -100 volt line. When Tl is conducting, point 
A is at +50 volts as shown in previous illustrations. 
Under these conditions, there are 150 volts across 
Rl and R2 (from +50 volts to -100 volts is 150 
volts). Since Rl and R2 are equal, there is a 75 
volt drop across each. The IR drop across Rl and 
R2 is of a polarity opposite to the —100 volt sup¬ 
ply; therefore, the potential at point G (grid of 
T2) is -100 + 75 or—25 volts. Assuming T2 cuts 
off at —15 volts, it is evident that T2 is cut off, 
providing Tl is conducting. When Tl is not con¬ 
ducting, point A is at +150 volts, and the total 
potential across Rl and R2 is 2 50 volts ( + 150 to 
-100). This means a 125 volt drop across each 
resistor and a potential of +25 volts at the grid of 


T2 so that T2 conducts. Actually, the grid of T2 
will not go very much positive; it will only tend 
to rise to +2 5 volts. As soon as the grid reaches 
cathode potential, some grid current starts to flow 
through Rl from cathode to grid, through Rl, to 
point A, through the 10,000 resistor to +150 volts. 
The resulting IR drop across Rl due to the grid 
current is of a polarity opposite to the positive po¬ 
tential at the grid, and the grid potential is thus 
reduced. The grid potential will stabilize at ap¬ 
proximately cathode potential (zero). 

The values of Rl and R2 must be very large 
compared with the load resistor R otherwise the 
potential at points A and G will not be of proper 
value. In the preceding calculations involving 
Figure 69 it was assumed that Rl and R2 were so 
large compared with R, that R could be ignored 
in calculating the grid potential of T2. This is 
not strictly true, because there is always a current 
flowing from the -100 volt line through R2, Rl, 
R and back to the +150 volt line, even though 
tube Tl is out of its socket. A rigid analysis would 
show that there is a 2.48 volt drop across R at all 
times. However, compared with the total poten¬ 
tial of 2 50 volts across the resistor network, the 
potential drop across R due to this current is so 
small that it can be ignored for practical calcula¬ 
tions. 


, 
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—100 

Figure 70. Capacity-Coupled Triodes Showing Phase Inversion 


Often it is not desirable to couple one circuit 
directly to another. In these cases capacity coupling 
is used to pass a pulse from the anode of one tube 
to the grid of the next. In studying capacity- 
coupled circuits it is important to remember that 
the reactance of a capacitor decreases as the fre¬ 
quency of the applied potential increases. Direct 
current cannot pass through a capacitor, since 
direct current has a frequency of zero and results 
in an infinite reactance. Conversely, an infinite 
frequency will pass through a capacitor with zero 
reactance. Infinite frequency implies an instan¬ 
taneous change of voltage. Obviously, this is im¬ 
possible in practice; but very rapid changes can 
be obtained. Very rapid changes in voltage are 
equivalent to very high frequencies; consequently, 
very rapid changes in voltage can easily be trans¬ 
mitted through a capacitor, even an extremely 
small one. 

Figure 70 shows a capacity-coupled circuit 
wherein changes in the anode potential of Tl con¬ 
trol T2. The anode of Tl is coupled to the 
grid of T2 through capacitor C. Only changes in 
potential will be transmitted through C. Once 
point Al reaches a steady value of potential, no 
further effect is felt at point G2. 


With Tl conducting, the steady state potential 
at Al is +50 volts (assume the same circuit con¬ 
stants as previous illustrations). Point G2 (grid 
of T2) is connected to the cathode through a 
300,000 ohm resistor and to the —100 volt line 
through a 700,000 ohm resistor. This voltage 
divider places point G2 at -30 volts normally, thus 
cutting off T2 (assume -15 volt cutoff). 

Assume now that contact S is suddenly trans¬ 
ferred to the -100 volt line as shown in Figure 70. 
If it is assumed that the transfer takes place in¬ 
stantaneously, then there will be an instantaneous 
shift of potential on the grid of Tl from 0 to —100 
volts. This shift in potential can be represented 
by the square wave shown at the grid of Tl. This 
shift in potential is toward a more negative point 
and is thus a negative pulse. This shift of poten¬ 
tial causes Tl to be cut off with the resultant in¬ 
crease in potential at point Al from +50 volts to 
+ 150 volts as shown by the square wave at point 
Al. This voltage shift passes through C as a posi¬ 
tive pulse to point G2, thus tending to drive point 
G2 to +70 volts. Only the change in voltage, 
i.e., 100 volts will be felt through the capacitor. 
Since the grid of T2 is at -30 volts, it will tend to 
approach +70 volts. Actually, grid current will 
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To Anode Tube Y 



start to flow through the grid resistors as soon as 
the grid tries to go positive, the resultant IR drop 
opposes the tendency for the grid to go positive, 
and the grid potential will not go much above 
cathode potential. It is important to note here 
that although the potential at point A1 rises to 
+ 150 volts and remains there, the pulse through 
capacitor C is of short duration. The actual dura¬ 
tion of the pulse is determined by the capacitance 
of C. This means that although point Al remains 
at high potential, point G2 will be at high poten¬ 
tial for only a short instant, i.e., for the time re¬ 
quired to charge the coupling capacitor C. 

Tube T2 will then conduct as long as point G2 
is at cathode potential or above, with a resultant 
IR drop across load resistor R2. Thus the poten¬ 
tial at point A2 drops from +150 to +50 volts. 
This illustrates the inversion of pulses by a tube. 
A negative shift in potential applied to the grid of 
Tl causes a positive shift in potential at the anode 
of Tl. In turn, the positive pulse at point G2 
produces a negative pulse at point A2. This is a 
most important fact to remember in the study of 
electronic circuits. 

On the circuits illustrated so far one tube has 
been controlled by another. Sometimes it is desir¬ 
able to block the action of the controlling tube 
under certain conditions. This can be done by con¬ 
necting two controlling tubes in parallel with a 


common load resistor and providing separate grid 
controls, as shown in Figure 71. The value of the 
load resistor R is chosen so that the tubes are oper¬ 
ated on the portion of their characteristic curve 
where most of the potential drop is across the load 
resistor and where changes in potential at the anode 
are very slight with a change in anode current. 
This means that the potential at point A in Figure 
71, is essentially the same whether one tube is con¬ 
ducting or both are conducting. Hence with 
either Tl or T2 conducting, point A is essentially 
at +50 volts and point G3 at —25 volts, since the 
grid resistors between +50 volts and —100 volts 
are equal. This means that as long as Tl, T2, or 
both are conducting, T3 is cut off. Only when 
neither Tl nor T2 is conducting does point G3 go 
positive and allow T3 to conduct. When neither 
Tl nor T2 is conducting, point A rises to +150 
volts, and the grid of T3 tends to rise to +25 
volts. Thus, Tl can nullify the action of T2, or 
vice versa. As indicated in Figure 71, Tl and T2 
have separate grid controls in the form of other 
tubes which are indicated as tube Y and tube Z, 
which are not shown in this figure. 

Another method of obtaining dual control is to 
use a pentode and provide grid control on both the 
control grid and the suppressor grid as shown in 
Figure 72. Since the suppressor is spaced much 
farther from the cathode than the control grid, a 
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greater negative potential is required to cut off the 
tube by means of the suppressor than is required 
for cutoff by means of the control grid. In this 
case, assume the tube can be cut off by -17 volts 
on the control-grid or by —40 volts on the suppres¬ 
sor. Either the control grid or the suppressor grid 
can stop conduction. In order for conduction to 
take place both grids must be above cutoff poten¬ 
tial. 

In Figure 72 it is assumed that the grids of the 
pentode are controlled by the anode potential of 
preceding tubes. Assuming that both tubes con¬ 
trolling the pentode are conducting and that they 
are of the same type illustrated in previous exam¬ 
ples, the potential at their anodes will be +50 volts. 
This will place the suppressor at -50 volts, which 
is determined as follows: 

Total potential across R1 and R2 is 300 volts 
(from +50 volts to -2 50 volts). 

Suppressor is at point S and the potential at S 
is determined by the ratio of the resistors Rl 
and R2 as follows: 


300 X R2 
Rl + R2 


300 X 680,000 

1,010,000 


- - 200V (ap¬ 
proximately) 


Hence point S is 200 volts above the —2 50 line, 
or at —50 volts. 

The control grid is normally at approximately 
-3 5 volts as determined by the voltage divider 
R3 and R4 between the cathode and the -100 volt 
line. With both grids negative no conduction can 
take place. 

Now assume that the tube controlling the sup¬ 
pressor stops conducting. Point A2 will rise to 
+ 150 volts potential and point S will tend to rise 
to approximately +17 volts. Thus the suppressor 
has been conditioned to allow conduction through 
the pentode; but the control grid is still blocking 
conduction, since it is below cutoff. When point 
Al rises in potential, a positive pulse will be passed 
to point G and the tube will conduct for an in¬ 
stant, providing the suppressor is still conditioned 
to conduct. 
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When the tube conducts, the potential at point 
A drops because of the IR drop across the load re¬ 
sistor of the pentode. In this case the output is 
taken from a midpoint tap M on the load resistor. 
This would be done if the voltage shift desired is 
only half the voltage shift at point A. Assume 
the potential at point A changes from +150 volts 
to +50 volts. When conduction starts, a 100 volt 
negative pulse is produced at A. However, at point 
M the potential only changes from +150 volts to 
+ 100 volts, producing a 50 volt negative pulse at 
M. 

The screen grid in Figure 72 is shown at a fixed 
potential of +65 volts supplied by a 65 volt 
screen voltage supply. The capacitor C across R1 
is necessary to balance the in'terelectrode tube capa¬ 
city so that the grid of the tube can follow the ap¬ 
plied potential without any time delay. 

TRIGGER CIRCUIT 
Theory of Operation 

The most important and basic circuit used in the 
electronic computing section is the trigger circuit. 
For this reason a detailed analysis of the opera¬ 


tion of a trigger circuit will be presented. Although 
a detailed knowledge of the theory of operation 
of a trigger is not necessary to repair the ma¬ 
chine, a thorough knowledge of the theory will 
assist in analyzing trigger troubles. A trigger cir¬ 
cuit is one which has two states of equilibrium for 
fixed values of supply potential and circuit com¬ 
ponents. The trigger circuit derives its name from 
the fact that it can be made to "trigger” abruptly 
from one state of equilibrium to the other by 
means of small controlling potentials. The trigger 
circuit used in this machine is basically the Eccles- 
Jordan trigger circuit shown in Figure 73. The 
use of this circuit is based on the fact that current 
can flow through only one tube at a time. A 
change in grid potentials or anode potentials can 
be made to transfer conduction abruptlv from one 
tube to the other. 

As mentioned above, the trigger circuit is a de¬ 
vice using two triode tubes so interconnected that 
one tube is conducting while the other is non-con¬ 
ducting. As shown in Figure 73 the grid of T2 
is coupled to the anode of Tl through the coupling 
resistor Rc and capacitor C. The grid of Tl is 
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similarly coupled to the anode of T2. The resistors 
Rx are the anode load resistors while the grid bias 
is normally furnished through the grid resistors 
Rg. The values of Ri., Rc, and Rg are not critical 
as to their exact value but it is essential that the 
circuit be symmetrical. Rc and Rg must be 
matched within 2% and they should be approxi¬ 
mately ten times as large as Rl. The value of C 
determines to a great extent the speed of response 
of the trigger circuit to an applied pulse. 

A suitable voltage pulse applied at the proper 
points causes the conducting tube to stop conduct¬ 
ing and the non-conductive tube to start conduct¬ 
ing. A second pulse restores the original condition. 
This cycle may be repeated at will at any speed 
from zero up to speeds in the low radio-frequency 
range, depending upon the circuit constants used. 

The tubes used in the circuits illustrated in Fig¬ 
ure 73 are 6J5’s or the equivalent. The two triodes 
can just as well be the two halves of a twin triode. 

Figure 74 shows the Eccles-Jordan trigger cir¬ 
cuit in a form more suitable for analysis. A close 
study of Figure 74 will reveal that it is the same 
circuit as Figure 73 with only the input circuit 
added. The resistance and capacitance values shown 
in this figure are the values used in the actual 


triggers in the electronic computing circuits: In 
this illustration the two triodes are the two halves 
of a twin triode, Type 6SN7. 

Figure 73 shows how T2 can control Tl. As¬ 
suming that both tubes are non-conducting, the 
potential at the grid of Tl can be determined by 
the ratio of the resistors between the -f-150 volt 
line and the —100 volt line, or by determining the 
current flow and computing the IR drop across 
each resistor. In this manner the potential at Gl 
is found to be +19 volts; or 19 volts positive with 



Figure 75. Anode of T <j Controls Grid of T 
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respect to the cathode since the cathode is at zero 
potential. Actually, point Gl will only tend to 
reach —19 volts, since this positive potential will 
cause Tl to conduct, and sufficient grid current 
will flow through Rc to hold the grid down to 
approximately cathode potential. 

Now suppose that T2 is made to conduct by 
some means as shown in Figure 76. Assuming the 
potential drop across T2 when conducting is 40 
volts, point Al will have to be at +40 volts. An¬ 
other method of looking at this is as follows: when 
T2 conducts, approximately 5 milliamperes of cur¬ 
rent flow as determined by the anode potential and 
the load resistor. This current flow through Rl 
causes an IR drop of .005 X 20,000 or 100 volts. 
Naturally, this is in the same direction as and in 
addition to the drop resulting from the bleeder 
current always flowing from the —100 volt line to 
the +150 volt line. Therefore, the potential drop 
across Rl is increased by 100 volts, making point 
Al 100 volts more negative than it was previously. 
In practice, this potential at point Al is +40 volts 
instead of +38 volts with T2 conducting, since 
the current is not exactly 5 milliamperes. 


A new analysis of the potential at point Gl will 
show that the grid of Tl is at -30 volts when T2 
conducts, thus cutting off Tl. Since Rg and Rc 
are equal, Gl is halfway between +40 volts and 
— 100 volts. 

From +40 to -100 volts is 140 volts, and the 
drop across Rg is 70 volts. Therefore, Gl is 70 
volts above the —100 volt line or at —30 volts. 
From this analysis it is obvious that if T2 is con¬ 
ducting, it prevents Tl from conducting. 

If the grid of T2 is connected to the anode of 
Tl by means of a similar network (Figure 76), 
Tl can control T2 in the same manner described 
above, and the desired condition in which only one 
tube can be conducting at a time is obtained. In 
Figure 76 point A2 is shown at +136 volts instead 
of +138 volts. This is because the grid current 
reduces the potential at point G2 to zero. On 
analyzing the potential between point G2 and the 
+ 150 volt line, it is found that point A2 is at 
+ 136 volts. 

In order to provide a means of applying a trig¬ 
gering pulse, both grids must be coupled to a 
source providing the pulse as shown in Figure 77. 
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Instantaneous Potentiols in Parenthesis 

Figure 77. Use of Capacitors in Trigger Circuit 


The potential values shown outside parenthesis are 
those existing when T2 is conducting and before 
a pulse is applied. This circuit is designed to trig¬ 
ger on the application of a 20 volt negative pulse 
to both grids. In order to operate properly, the 
triggering pulse must have a very steep wave front. 


For this reason a square wave is used as a source of 
pulses. 

When a negative pulse of 20 volts with a steep 
wave front is impressed across the input, there is 
a sudden drop of 20 volts at point X. Since a 
steep wave front is equivalent to an extremely high 


+ 150 +150 



Figure 78. Voltages Existing after Ci Discharges but before 
Cc Discharges with Neither Tube Conducting 
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Figure 79. Calculated Rise oi Grid Voltage as Circuit Voltages Change 
from Those in Figure 77 to Those in Figure 78. 


frequency, the input coupling capacitors Ci will 
offer practically no reactance to the pulse and the 
sudden drop of 20 volts will be felt at points Gl 
and G2. The potential values shown in parenthe¬ 
sis are the instantaneous values obtained when the 
-20 volt pulse is applied. This pulse will render 
both tubes non-conducting for an instant. 

In order for the trigger to operate, the Cc capa¬ 
citors must be considerably larger than the Ci 
capacitors so that there will be very little change 
in the potential across the Cc capacitors in the 
time required for the smaller input coupling capa¬ 
citors to reach a steady state condition. To sim¬ 
plify the explanation, assume that there is no 
change in potential across the Cc capacitors in the 
time required for the Ci capacitors to reach steady 
state values. As shown in Figure 77, both tubes 
are rendered non-conducting by the instantaneous 
potentials resulting from the —20 volt pulse, since 
these tubes cut off at -8 volts. If both tubes could 


be held non-conducting by some external means, 
the potentials shown in Figure 77 in parenthesis 
would soon change to those shown in Figure 78. 
The potentials shown in Figure 78 exist with the 
input coupling capacitors Ci in equilibrium, with 
capacitors Cc not yet discharged, and with neither 
tube conducting. If it is assumed that the Cc cap¬ 
acitors are not discharged, they will maintain the 
potential across them, and they can be considered 
as batteries with a potential equal to the charge on 
them at the time the pulse was applied. The po¬ 
tentials at the various points can then be analyzed 
on this basis. 

Since the tubes are not held non-conducting, the 
potentials shown in Figure 78 will never be 
reached. The grids will only tend to reach the 
values shown. However, on the basis of the ten¬ 
dency of the grids to approach the limiting values 
shown in Figure 78, the actual rise of potential on 
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Figure 80. Oscillogram oi Actual Grid Voltages During Triggering 


the grids can be determined as shown graphically 
in Figure 79. 

While these curves could be accurately calcu¬ 
lated, they were actually obtained by plotting an 
e* curve between the known limits of grid poten¬ 
tial. This gives a theoretical capacitor discharg¬ 
ing or charging curve. Because of the much great¬ 
er swing in potential on the grid of Tl, caused by 
the relatively low potential existing on the capa¬ 
citor Cc between the grid of Tl and the anode of 
T2, it is obvious that the rate of potential rise will 
be much greater than the rate of rise in the poten¬ 
tial on the grid of T2. It is evident that the grid 
of Tl, which has been non-conducting, is the first 
to rise above the conducting point of —8 volts. 
These tubes cut off at —8 volts, therefore conduc¬ 
tion will start as soon as a grid goes above this 
potential. Hence Tl starts conducting and blocks 
T2 from conducting, as previously explained, and 


the trigger is reversed. The action of the capacitors 
Cc produce the desired trigger action, and the trig¬ 
ger will now reverse itself every time the grids are 
given a negative pulse of 20 volts or more. 

In Figure 78 it was assumed that the capacitors 
Cc were much larger than the grid capacitors Ci. 
As evidence that this assumption does not alter the 
general shape of the curves of grid potential rise. 
Figure 80 shows a sketch of the grid potential rise 
in an actual trigger circuit. This sketch is adapted 
from an actual oscilloscope pattern and shows 
exactly what happens to the grids of Tl and T2. 

Originally T2 was conducting and Tl was held 
non-conducting by the -30 volt potential on its 
grid as shown previously. At time t (Figure 80) 
a 20 volt negative pulse is applied to both grids 
through the input capacitors Ci. Owing to the fact 
that the square wave input is not perfectly square, 
the negative pulse as it appears at the grids is not 
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Figure 81. Oscillogram of Overall Trigger Operation 


quite square, and at the grids the peak negative 
dip is only —15 volts. As soon as the maximum 
negative potential is reached, both grids start to 
rise in potential. As previously shown in Figure 
79, the grid of Tl rises much faster than that of 
T2 and reaches the conducting point of -8 volts 
first. As soon as Tl starts to conduct, the poten¬ 
tial at its anode starts to drop, forcing the grid of 
T2 down and holding T2 non-conductive. With 
the circuit constants shown in Figure 74, after a 
time interval of approximately 3 to 5 microseconds, 
the charges on all capacitors will have been equal¬ 
ized and the circuit will be as before except that 
Tl is now conducting instead of T2. The dotted 
lines indicate what the rise in the grid potentials 
might look like if the tubes could be held non¬ 
conducting by some external means. It is impor¬ 
tant to note that, although the triggering action is 
very fast, a definite time interval is required, hence 
a peaked pulse of extremely short duration (say 
1 microsecond) may not trigger the circuit. 


Figure 81 shows a sketch of both grid and anode 
potentials adapted from patterns taken directly 
from an oscilloscope. The potential graphs repre¬ 
sent the potentials when the trigger is triggered 
or reversed continually by a square wave input. 
Note that the shape of the grid potential is the 
same as shown in Figure 80. 

So far nothing has been said about the ability 
of this trigger circuit to distinguish between posi¬ 
tive and negative pulses. The constants of this 
trigger are such that it is considerably more sensi¬ 
tive to negative pulses than it is to positive pulses. 
Therefore, if the input pulse is kept within reason¬ 
able limits, the trigger will respond only to the 
negative pulses of a square wave (Figure 81). For 
example, a —20 volt shift in potential will cut off 
the conducting tube, enabling the trigger to trans¬ 
fer; but a -f-20 volt shift will not bring the grid 
of the non-conducting tube up to the conducting 
point and thus cannot make the tube start to con¬ 
duct. The only action of a +20 volt pulse on the 
conducting tube is to drive the grid slightly posi¬ 
tive. Therefore, the trigger will transfer only on 
a negative pulse (or shift in potential), and the 
trigger can be made to distinguish between nega¬ 
tive and positive pulses. The limits within which 
the trigger will respond only to negative pulses for 
the circuit constants given is approximately 20 to 
80 volts. That is, at least -20 volts are required to 
trigger, but around 80 volts the trigger responds 
to positive pulses as well as negative. For this 
reason the triggers in this unit are operated by 50 
volt pulses, or roughly at the middle of the range. 

Figure 81 shows why the trigger is not reversed 
on a positive pulse which is theoretically large 
enough to bring the grid of the non-conducting 
tube up to the conducting point. Notice that at 
point a2 the grid of the non-conducting tube Tl 
actually appears to go negative although the square 
wave input is shifting in a positive direction. This 
is because the positive pulse acting on the grid of 
the conducting tube T2 drives the anode potential 
of T2 down almost 20 volts as shown at point a3. 
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Through this anode to grid coupling capacitor Cc, 
this dip in anode potential of the conducting tube 
over-rides the positive pulse on the grid of the 
non-conducting tube, producing a negative dip as 
shown at a2 (Figure 81). The dip in the anode po¬ 
tential of the conducting tube shown at a3 is in 
this case caused by the same positive pulse acting 
on its own grid. 

For a positive pulse to trigger the circuit, the 
pulse must be sufficiently positive to overcome the 


initial bias plus the negative swing produced at the 
grid of the non-conducting tube by the dip in 
anode potential of the conducting tube. 

If properly designed, triggers such as those de¬ 
scribed above are very stable, dependable, and in¬ 
dependent of reasonable variations in supply po¬ 
tentials. A 20% variation in either bias or anode 
potential supply, or more if both vary together, 
can be tolerated. 

In order to illustrate the importance of the Cc 
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Figure 84. Coupling Trigger Circuits 


capacitors, an analysis will be made without the 
Cc capacitors in the circuit. Figure 82 shows a 
trigger circuit without the Cc capacitors; it will 
be shown that this circuit is fundamentally incap¬ 
able of reversing on application of a pulse to both 
grids. 

The potential values shown outside parenthesis 
are those existing when T2 is conducting and be¬ 
fore a pulse is applied. When a negative pulse of 
20 volts is impressed across the input, there is a 
sudden drop of 20 volts at point X. The poten¬ 
tial values shown in parenthesis are the instantan¬ 
eous values obtained when the -20 volt pulse is 
applied. This pulse will render both tubes non¬ 
conducting for an instant. 

The new potential values at the anodes are deter¬ 
mined by an analysis of the IR drops across Rc and 
Rg using the new instantaneous values of grid po¬ 
tential and assuming both tubes are cut off. How¬ 
ever, both grids will immediately start to rise to 
the resistor network limited value of +19 volts. 
The rate of rise is determined by the time constant 
of the resistor-coupling capacitor network. Since 
these are the same for each tube, the time constant 
will be the same for both grids. 

The exponential rise of potential on both grids 
will be as shown graphically in Figure 83. These 


tubes cut off at -8 volts; hence, conduction will 
start as soon as a grid goes above this potential. 
Obviously, the grid of T2 will be the first to reach 
the —8 volt line, which means that T2 will start 
conducting first and prevent Tl from conducting 
as before. In other words, the trigger has not been 
reversed. Likewise, a positive pulse will not re¬ 
verse the trigger, since the only effect it might have 
on the non-conducting tube will be offset by a 
stronger effect on the conducting tube. 

Coupling of Trigger Circuits 

To couple two triggers together, it is only nec¬ 
essary to tap one anode resistor of the first trigger 
at approximately mid-point and couple it to the 
input capacitors of the second trigger (Figure 84). 
This provides a means of tripping the second trig¬ 
ger under control of the first trigger. Tapping 
the anode resistor at one-half of its value serves 
to furnish a voltage pulse of one-half the voltage 
shift in the anode resistor. Point A in Figure 84 
changes from +136 when Tl is not conducting 
to +40 when Tl is conducting, thus providing a 
negative shift of approximately 100 volts; where¬ 
as point M changes from +143 when Tl is not 
conducting to +95 when Tl is conducting, thus 
providing a negative shift of approximately 50 
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Figure 85. Actual Trigger Circuit Used in Type 603 


volts. Since a —50 volt pulse is within the limits 
wherein the trigger will distinguish between nega¬ 
tive and positive pulses, the first trigger can oper¬ 
ate the second by passing this -50 volt pulse to 
the second trigger. Note that the second trigger 
will change its status only when conduction in the 
first trigger transfers from T2 to Tl. When con¬ 
duction in the first trigger transfers from Tl to 
T2, a 50 volt positive voltage shift occurs at point 
M, but as previously explained, a positive pulse 
will not operate the second trigger. As many trig¬ 
gers as desired may be coupled together by the 
method shown in Figure 84 to obtain any desired 
frequency reduction, the frequency being reduced 
by a factor of two for each trigger. Such a device 
may be used for high-speed counting, for provid¬ 
ing timed pulses, as an electronic storage device, etc. 

Trigger Circuits Used in Electronic Computing 

The computing section of this machine uses a 
large number of triggers of the type just described. 
The only difference found is in the method of 
pulsing the trigger. All triggers are pulsed be¬ 
tween ground and the input coupling capacitors. 


Figure 8 5 shows a trigger as it is actually con¬ 
nected in the circuits. This arrangement of com¬ 
ponents is used to simplify the circuit diagram. 
All power lines are shown parallel at the bottom of 
the diagram. The ground line (zero potential) 
is shown heavy throughout the circuit. The tubes 
1 and 2 are the two halves of the twin triode of the 
12SN7 type. The circuit component values are 
as shown. The values of Rc and Rg must be 
matched within 2 c /c for proper operation, although 
the exact value of the resistors may be within 5 c /c 
of the nominal value. The capacitors should be 
within 5 % of the nominal value. 

As explained in the section on trigger theory, 
the size of the Cc coupling capacitors primarily 
determines the speed of response of the trigger. 
Also, the size of Cc should be as large as possible 
compared with Ci, the input capacitor. In prac¬ 
tice then, a compromise must be reached between 
desired speed of response and stable operation. If 
Cc is made too large with respect to Ci, the trig¬ 
ger may respond too slowly to operate at 3 5,000 
cycles per second. On the other hand, if a trigger 
never receives high-speed pulses, it is permissible 
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to make Cc larger and thereby more nearly ap¬ 
proach the theoretical ideal. Of course, the speed 
of response is determined to some extent by the 
size of the resistors Rc and Rg. Therefore, the 
speed of response can be raised both by using 
smaller values of Rc and Rg and by using smaller 
values of Cc. For the above reasons two types of 
triggers are used in the Type 603 computing cir¬ 
cuits, as indicated in Figure 8 5. All triggers re¬ 
ceiving pulses at relatively slow rates are known 
as slow-speed triggers, whereas triggers receiving 
computing pulses at high speed are known as high¬ 
speed triggers. 

The earlier models of this machine employed a 
standard trigger throughout. This trigger had the 
same values as the slow-speed trigger except that 
the Cc capacitors were 100 mmfd. The first ten 
machines were shipped with these old type trig¬ 
gers in all chassis except the A, B, and M. In cases 
where trouble is experienced on these machines 
because of the old triggers, they may be replaced 
and the old chassis returned to Endicott. 

For convenience in reference, the trigger is said 
to be on or off depending upon which tube sec¬ 
tion is conducting. When tube 2 is conducting, 
the trigger is said to be on: and when tube 1 is 
conducting, the trigger is said to be off. The tube 
notation is in conformity with the number of the 
tube sections used in tube manuals. 

In the discussion of the trigger circuit theory 
the only method of pulsing mentioned was by 
means of simultaneous pulses to both grids through 
the input coupling capacitors. Often it is desir¬ 
able to turn a trigger on from one source and turn 
it off from another source. In this case the input 
capacitors Ci are not tied together. Each input 
capacitor is connected to its pulsing source. When 
the grids of the trigger are separately pulsed, the 
exact action of the trigger dilfers somewhat from 
the theory as presented, but the end result will be 
the same. 

Tripping may be effected only by applying a 
negative pulse to the grid of the tube conducting. 


For instance, with the trigger off (tube 1 con¬ 
ducting), a negative pulse received by the grid of 
tube 1 turns the trigger on (tube 2 conducting) 
even though tube 2 receives no pulse whatsoever. 
Such negative pulses decrease current flow in tube 
1 and the attendant positive pulse on its anode is 
transferred by capacitor Cc to the grid of tube 2 
with the same result described before. If the trig¬ 
ger is on, any further negative pulses at the grid 
of tube 1 will have no effect, but a negative pulse 
at the grid of tube 2 will turn the trigger back off 
in the same manner explained before. As explained 
in the theory, the circuit is much more sensitive to 
negative pulses than to positive. Thus, a positive 
pulse applied to the grid of tube 2 through Ci, 
when the trigger is off (tube 1 conducting), 
must be considerably greater than the negative 
pulse in order to trip the trigger. Therefore, with¬ 
in the operating range, positive pulses have no ef¬ 
fect. 

Often it is desired to trip triggers with a posi¬ 
tive potential. In these cases, the grids of one or 
both of the tubes in the trigger are directly coupled 
to a positive potential sufficiently high to raise the 
grid potential above its critical value. The direct 
coupling instead of capacity coupling is necessary 
to hold the positive potential at the grid of the 
non-conducting tube long enough to insure trig¬ 
gering. This may be done as shown by the dotted 
circuit in Figure 8 5. Flere a cam contact directly 
connects the grid of tube 2 to +40 volts. If the 
trigger is off, it will be turned on since tube 2 is 
forced to start conducting, and by the retroactive 
coupling of its anode to the grid of tube 1, tube 1 
is cut off. Once the trigger is on, it will stay ON 
even after the CB contact opens. To turn the trig¬ 
ger off a negative pulse must be applied to the 
grid of tube 2 or a positive potential must be im¬ 
pressed on the grid of tube 1. When a positive 
potential is impressed on the grids for tripping 
the triggers, the input capacitors Ci are connected 
to the +150 volt line, and they serve only as stabil¬ 
izing capacitors. 
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It will be noted that the grid resistor for tube 
1 is connected to a line marked -100 cancel. The 
only difference between the -100 volt line and the 
cancel line is that the cancel line can be opened by 
means of a P-cam contact. When the contact is 
opened, potential is removed from the cancel line, 
and negative bias potential is removed from the 
grid of tube 1. This leaves the grid of tube 1 
connected to the +150 volt line through the 
coupling resistor Rc and the load resistor of tube 
2. Tube 1 will thus start conducting if it had not 
been previously conducting (trigger goes off.) 
This arrangement provides a means of resetting the 
triggers to the desired stand-by state. When power 
is first applied to a trigger, there is nothing but 
chance to determine which tube will start con¬ 
ducting. Hence, before starting a computing op¬ 
eration, all triggers are cancelled to their proper 
stand-by state. 

Some of the triggers have the grid resistor of 
tube 2 connected to the cancel line instead of the 
grid resistor of tube 1. Such triggers are on in 
their stand-by state. When the cancel line is opened 
these triggers will go on if they were previously 
OFF. 


The proper stand-by state of any trigger can 
always be determined from the circuit diagram by 
observing which grid resistor is connected to the 
cancel line. However, for simplification the nor¬ 
mal state of a trigger is noted on the circuit dia¬ 
gram by placing a small “x” under the cathode of 
the normally conducting tube (Figure 85). 

When the trigger shown in Figure 8 5 is off, 
tube 1 is conducting; its anode and the points of 
its load resistor and grid resistors Rc and Rg are 
at their low potentials. On the other hand, tube 
2 is non-conductive and the corresponding points 
on this branch of the circuit are at their high po¬ 
tentials. Upon reversal of the trigger, positive and 
negative shifts in potential (potential pulses) are 
produced at different points of the circuit. For 
instance, upon reversal of the trigger from on to 
off, a drop in potential (negative pulse) is pro¬ 
duced on the anode of tube 1. As mentioned in 
the theory, a 100 volt shift is produced at points 
A1 and A2, whereas a 50 volt shift is produced at 
the mid-point taps on the load resistors Ml and 
M2. Points Gl and G2 are at cathode potential 
when their corresponding tube is conducting and 
at -30 volts when their corresponding tube is non¬ 
conducting. 
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Output 



Figure 87. Control of Power Tubes by Trigger with Grid-to-Grid Connections 


Control of Other Tubes by Triggers 

The shift in potential at the various points on a 
trigger can be utilized to control other triggers, or 
to control electronic switch tubes and power tubes. 
As mentioned before, the triggers used in this unit 
will trigger on negative pulses, from 20 to 80 volts 
(approximately), when both grids are pulsed 
simultaneously. At 80 volts and above, a positive 
pulse will trip the trigger as well as a negative. For 
this reason the triggers are operated by 50 volt 
pulses, or roughly at the middle of the range. This 
means that when one trigger is controlled by an¬ 
other, potential pulses are taken from the mid¬ 
point of the load resistor. However, when a switch 
or power tube is controlled by a trigger, a +100 
volt shift is required and the pulses are taken from 
the anodes of the trigger. A switch or power tube 
may also be controlled by connecting the grid of 
the controlled tube to the proper grid of the trig¬ 
ger. The controlled tube then acts as a follower. 
In controlling other circuits with a trigger pre¬ 
cautions must be taken not to load the trigger. 
The trigger cannot be loaded and still operate 
properly. 

Figure 86 shows a method commonly used in 
these circuits for providing a +100 volt pulse 
when a trigger goes on. The grid of tube T is 
connected to the +150 volt line, therefore T is 


normally conductive. There is approximately a 50 
volt drop across T when it is conducting; there¬ 
fore, point A is normally at +50 volts potential. 
The grid of T will of course be at approximately 
cathode potential owing to grid current. When 
the trigger is turned on by an input pulse, tube 2 
conducts, and its anode drops approximately 100 
volts in potential. Since the grid of T is normally 
at cathode potential, the negative shift in potential 
at the anode of tube 2 will be transmitted through 
coupling capacitor C and momentarily drive the 
grid of T negative, thus stopping conduction 
through T momentarily. Point A will momen¬ 
tarily rise in potential from about +50 volts to 
+ 150 volts and provide a +100 volt pulse to oper¬ 
ate some other tube. Note that tube 1 is shown 
normally conductive. This is determined by the 
fact that the grid of tube 1 is connected to the can¬ 
cel line. Thus, this trigger is cancelled off. 

Figure 87 shows a method of controlling power 
tubes by a grid-to-grid connection with a trigger. 
In this case the trigger itself could be used without 
the power tubes if it were not for the fact that the 
trigger cannot be loaded. The circuits being con¬ 
trolled require appreciable power; therefore, power 
tubes Tl and T2 controlled by the trigger are used 
to provide high and low potentials according to 
the status of the trigger. When the trigger is off 
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(stand-by state), tube 1 is conductive and its grid 
is at cathode potential, whereas the grid of tube 2 
is below cutoff. Since the grid of Tl power tube 
is directly connected to the grid of tube 1, Tl will 
conduct whenever the trigger is off, and the anode 
of Tl will be at low potential. On the other hand, 
the grid of T2 is connected to the grid of tube 2, 
which is cut off when the trigger is off, thus hold¬ 
ing T2 non-conductive and its anode at high po¬ 
tential. Conversely, when the trigger is on, T2 
conducts and Tl does not, thus placing line A1 at 
high potential and line A2 at low potential. 

Figure 88 shows two triggers working in com¬ 
bination to control a pentode switch tube. Pentode 
tube T is connected so that either its grid or sup¬ 
pressor can stop conduction independently of the 
other. The grid is normally at approximately —3 5 
volts as determined by the resistor network R3 and 
R4 between the ground line and the -100 volt line. 
The suppressor is at approximately -50 volts when 
the top of Rl resistor is at low potential, as deter¬ 
mined by the network Rl and R2 between the 
anode of tube 1 of trigger 2 and the -2 50 volt line. 
Before conduction can occur through the pentode, 
both grids must be driven positive . 

Note that trigger 1 is normally off and that the 
anode of its tube 1 is connected to the control grid 
of T through coupling capacitor Cc. Also note 
that trigger 2 is cancelled on, and thus is normally 


on with tube 2 conducting. The anode of tube 1 
in trigger 2 is directly coupled to the suppressor of 
T via resistor Rl. The shunting capacitor Cl is 
a compensating capacitor to compensate for the 
interelectrode capacity of the tube and thus permit 
more instantaneous response of tube T. When { 

trigger 2 is ON, the anode of tube 1 is at high po¬ 
tential and the suppressor of T will be conditioned 
to conduct. However, no conduction can take 
place until the control grid is driven positive. This 
occurs when trigger 1 goes on and the anode of 
its tube 1 rises in potential. Since the coupling 
from the anode of tube 1 of trigger 1 to the grid 
of T is through a capacitor, the grid of T will be 
driven positive only momentarily, and conduction 
will occur through tube T momentarily. When 
T conducts, there is a drop in potential at its anode 
and at any point on its load resistor. Thus when 
T conducts, a -50 volt pulse is produced at the 
midpoint of its load resistor. Note that tube T 
can conduct only when trigger 1 goes on, provid ¬ 
ing trigger 2 is on at this time . 

Practically all the tubes controlled by triggers 
are controlled by one of the foregoing means. 

These methods will be recognized throughout the 
circuits for the computing section, and hence they 
should be carefully studied before proceeding with | 

the actual computing circuits. 
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ELECTRONIC COUNTER 


We are accustomed to using the decimal system 
when dealing with numbers, that is, to think in 
terms of tens, hundreds, thousands, etc. Our 
machine computation methods and number storage 
devices for the most part employ the decimal sys¬ 
tems, perhaps because of our thought habits rather 
than because of machine parts, economy, or oper¬ 
ating speed. Figuring mentally will very likely re¬ 
main in the decimal system but machine methods 
are slowly evolving to a special system where re¬ 
sults warrant the use. For example, to store a num¬ 
ber in relays (or tubes), using the decimal system, 
it is necessary to use one relay (or tube) to repre¬ 
sent each digit, or 10 relays (or tubes) per position. 
For this reason it is expedient to make use of a 
number system other than the decimal system, 
which will mean a definite saving in relays or 
tubes for storage. By using a number system with 
the base 2, known as the binary system, it is pos¬ 
sible to store a digit value in only 4 relays instead 
of 10. This is done by assigning to 4 relays the 
values 1, 2, 4, and 8. Any digit in the decimal 
system can then be expressed by means of one or 
more of the relays as indicated below. 

Digit Relays Energized 


0 

1 

2 

3 

4 

5 

6 
7 


None 

1 

2 

1,2 

4 

1.4 

2.4 

1.2.4 


8 8 

9 1, 8 

Once a reading is sensed, it must be maintained 
in order to store the number. Also, a means must 
be provided to read out the number. When using 
relays, this is accomplished by using one contact 
point on the relay for holding and other points for 
reading out. The relays can just as well be tubes; 


but when using tubes, this cannot be done by 
means of one tube. It can be accomplished by using 
one trigger for each position, because a trigger re¬ 
mains on, once it is turned on by an input pulse, 
until another pulse turns it off. Therefore, by 
using four triggers in a tandem connection and de¬ 
signating them as 1,2, 4, and 8, a digit may be 
stored as indicated by the chart below. 

Digit Triggers on 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


None 

1 

2 

1,2 

4 

1.4 

2.4 

1.2.4 

8 

1,8 


The problem then resolves itself to providing a 
means of turning the proper triggers on for a 
given number. Remember that if triggers are 
coupled as shown in Figure 84, when the first trig¬ 
ger goes off, the second trigger goes on. If four 
tr i?g ers are coupled in the manner shown in Figure 
84 and designated as shown in Figure 89, the fol¬ 
lowing results are obtained: 

Trigger 1 will turn on every 2 impulses. 

Trigger 2 will turn on every time trigger 1 
turns off, or every 4 impulses. 

Trigger 3 will turn on every time trigger 2 
turns off, or every 8 impulses. 

Trigger 4 will turn on every time trigger 3 
turns off, or every 16 impulses. 

Obviously the system illustrated in Figure 89 
cannot be used in storing numbers in the decimal 
system, since the counter does not restore to zero 
on the tenth pulse as it should in the decimal sys¬ 
tem. The device in this case counts on the binary 
system, that is by 2’s, and 16 pulses are required 
to restore the counter to starting position at 0. 
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Trigger I Trigger 2 Trigger 3 Trigger 4 


I nput 



Pulse No. Trigger l Trigger 2 Trigger 3 Trigger 4 


0 

1 

2 

3 

4 

5 

6 
.7 
8 

9 

10 

11 

12 

13 

14 

15 

16 


OFF 

ON 

OFF 

ON 

OFF 

ON 

OFF 

ON 

OFF 

ON 

OFF 

ON 

OFF 

ON 

OFF 

ON 

OFF 


OFF 

OFF 

ON 

ON 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

ON 

ON 

OFF 


OFF 

OFF 

OFF 

OFF 

ON 

ON 

ON 

ON 

OFF 

OFF 

OFF 

OFF 

ON 

ON 

ON 

ON 

OFF 


OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

OFF 


Code 

0 

1 

2 

1,2 

4 

1.4 

2.4 

1.2.4 
8 

1,8 

2,8 

1,2,8 

4.8 

1 .4.8 

2.4.8 

1.2.4.8 
0 


pulse 0_! z 3 4 5 6 7 8 9 10 H 12 13 14 15 16 

No - njirumrnmruumiumrL. 

Trigger I - - - - - - - - 

Trigger 2 - - - - 

Trigger 3 - - 

Trigger 4- 


Figure 89. Binary Counter Operation 


Note from Figure 89 that the counter follows 
the decimal system up through 9. Now if some 
means can be provided to restore the counter to 0 
on the tenth pulse, the counter can be used to store 


and add numbers on the decimal system. This is 
done in the electronic counter by means of special 
coupling between triggers and by the use of a 
special blocking tube, as illustrated by the circuits 
for one position of an electronic counter shown in 
Figure 90. The triggers are designated by their 
digital value and the blocking tube is designated 
as B. 

Note that triggers 1, 2, and 4 are coupled in tan¬ 
dem in conventional manner. However, trigger 
8 has special connections to the input capacitors, 
and tube B is connected in parallel with tube 1 of 
trigger 2 to serve as a blocking tube. Tube B is 
normally non-conductive and conducts only when 
trigger 8 is on. This arrangement operates exactly 
as shown in Figure 89 up through the ninth pulse. 
Then, on the tenth pulse trigger 8 must be turned 
off and trigger 2 must be blocked from turning 
on as it normally would on the tenth pulse. The 
special coupling from trigger 1 to the left side of 
trigger 8 turns trigger 8 off on the tenth pulse, 
while tube B blocks trigger 2 on the tenth pulse. 
Thus all triggers are off on the tenth pulse, and a 
negative pulse is available at the output for carry. 
Figure 91 shows the operation of one position of 
an electronic counter in chart form, indicating the 
special coupling from trigger 1 to trigger 8 and 
the blocking of trigger 2 on the tenth pulse. 

Addition in an electronic counter is accom¬ 
plished by successive impulses, the number de¬ 
pending on the value of the digit to be entered. A 



Figure 90. One Position oi an Electronic Counter 
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Number in Counter 
let. Trigger 0 
2nd. Trigger © 
3rd. Trigger @ 
4th. Trigger © 
Code 


0 12 3 4 5 6 

0 X 0 X O X 0 

0 0 X X 0 O X 

0 0 0 0 X X X 

0 0 0 0 0 0 0 

0 12 14 12 

2 4 4 


7 8 9 O s 

\ 

X O X 0 \ 

leuOCKl 

X 0 O 0 I 

I 

X 0 0 0 J 

/ 

0 X X 0^ 

\ 

A 

18 10 Carry 

2 8 
4 


Ncfe-X Indicates Trigger ON 
0 Indicates Trigger OFF 

Figure 91. Electronic Counter Chart 


carry to the left is effected each time a position of 
the counter changes from 9 to 0. Two tubes are 
required for carrying from each counter position 
except the last. A trigger is turned on when the 
counter advances from 9 to 0. The trigger con¬ 
ditions a switch tube to permit a carry impulse to 
be fed to the next higher order counter position. 
If the position receiving the carry impulse stands 
at 9 and advances to 0, its carry trigger is turned 
ON to condition the switch and continue the carry 
to the next higher counter position. The carry is 
not instantaneous to two or more positions, but 


the carry impulse is of sufficient duration to com¬ 
plete the carry to all counter positions if necessary. 
The carry impulse is made available after the add¬ 
ing portion of the cycle, and the carry triggers 
that have been turned on are restored to the off 
position at the completion of carry. The carry 
operation is shown in block diagram form in Fig¬ 
ure 92. The details of the carry circuit are des¬ 
cribed in a later section after the computing cir¬ 
cuits have been described. 

Pulses may be delivered to a counter at the com¬ 
paratively slow rate of card cycle point timing, or 
at the 3 5,000 cycle per second rate as in the case 
of counter transfers. Counters have been success¬ 
fully operated at impulse rates up to 150,000 cycles 
per second. The impulse admittance is controlled 
by tube switches, to be described later. 

A detailed explanation of the operation of one 
position of an electronic counter circuit is pre¬ 
sented below (Figure 90). 

Triode B has its grid connected between the 
anode of tube k of trigger 8 and the —100 volt line 
by means of a voltage divider R 1 R 2 . The anode of 
tube 1 of trigger 8 is at T40 volts as long as trig¬ 
ger 8 is off. (See discussion of Trigger Circuits.) 



Figure 92. Block Diagram of Carry Controls 
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This means that the grid of B is midway between 
+40 volts and -100 volts, that is, —30 volts as long 
as trigger 8 is off. This is considerably below the 
cutoff potential of tube B, therefore B is non-con- 
ductive as long as trigger 8 is off. 

When trigger 8 goes ON, the potential at the 
anode of its tube 1 rises to +136 volts. The grid 
of tube B is then midway between +136 volts and 
-100 volts, or +18 volts. Of course, the grid does 
not actually go to +18 volts, because grid current 
starts flowing through Rg as soon as the grid tries 
to go positive. This current flow through Rg and 
Rl is the reverse of the normal current flow 
through Rl resulting from the +136 volt and 
-100 volt potentials; consequently the potential at 
the grid is kept from rising above zero and 
remains substantially at zero, or cathode potential. 
With tube B conducting, the potential at its anode 
is +40 volts. Since the anode of B is directly con¬ 
nected to the anode of tube 1 of trigger 2 , the 
anode of tube 1 of trigger 2 will be maintained at 
+40 volts regardless of what trigger 2 attempts 
to do. From the theory of operation of a trigger it 
will be remembered that the rise in potential at 
the anode of one tube is necessary to cause the 
other tube to conduct. If trigger 2 is off when 
tube B is conducting then trigger 2 cannot be 1 
turned on regardless of the pulses applied, because 
the anode of tube 1 of trigger 2 cannot rise above 
+40 volts, and as a result, the grid of tube 2 of 
trigger 2 cannot go above cutoff potential. 

The input pulses to the counter are 50 volts 
square wave pulses. From the theory of operation 
of a trigger it will be remembered that the trigger 
will recognize only negative pulses provided the 
voltage amplitude of the pulses is kept within cer¬ 
tain limits. Hence, only the negative shifts in 
voltage are recognized by the triggers. The entry 
pulses are fed to both input capacitors of trigger 1 
to turn it on and off on successive pulses. Each 
time trigger 1 goes on, a 50 volt positive pulse is 
produced at the anode resistor tap of tube 1 of 
trigger 1. However, this positive pulse is not rec¬ 


ognized and consequently can be ignored. Each 
time trigger 1 goes off, a 50 volt negative pulse is 
produced at the anode resistor tap of tube 2 of 
trigger 1 , and this negative pulse is fed to both in¬ 
put capacitors of trigger 2 . 

Assuming the counter position is at zero, all four 
triggers are off and tube B is non-conductive. One 
entry pulse turns trigger 1 ON, and the counter 
position stands at 1 . The resulting positive pulse 
to triggers 2 and 8 has no effect. A second entry 
pulse turns trigger 1 off which in turn trips trig¬ 
ger 2 on, and the counter stands at 2 . 

Note that the negative pulse which turned trig¬ 
ger 2 on also is fed to the left side of trigger 8 . 
Trigger 8 is off at this time, and the grid of tube 
82 is already negative; consequently this negative 
pulse has no effect. Also, the positive pulse from 
the anode resistor tap of tube 2 i has no effect on 
trigger 4. 

A third entry pulse turns trigger 1 on again, 
and a positive pulse is fed to trigger 2. This posi¬ 
tive pulse has no effect; consequently, trigger 2 re¬ 
mains in the on status, and the counter stands at 

3 (triggers 1 and 2 on). A fourth entry pulse 
switches trigger 1 off, which in turn switches trig¬ 
ger 2 off. When trigger 2 goes off, a negative 
pulse is produced at the anode resistor tap of tube 
£ 1 , and this pulse is fed to both input capacitors of 
trigger 4, turning it ON. This leaves only trigger 

4 ON, and the counter stands at 4. 

A fifth entry pulse again turns trigger 1 on, 
and the counter stands at 5 (triggers 1 and 4 on). 
A sixth entry pulse turns trigger 1 off, causing 
trigger 2 to go on, and the resulting positive pulse 
has no effect on trigger 4; therefore, the counter 
stands at 6 (triggers 2 and 4 on). A seventh 
entry pulse again turns trigger 1 on, but has no 
effect on trigger 2, thus leaving triggers 1,2, and 4 
on, and the counter stands at 7. An eighth entry 
pulse turns trigger 1 off, causing trigger 2 to go 
off; as trigger 2 goes off, it turns trigger 4 off. 
When trigger 4 turns off, it produces a negative 
pulse which is impressed on the grid of tube 1 in 


ELECTRICAL PRINCIPLES 


95 


trigger 8. This negative pulse stops conduction in 
tube 81 and causes trigger 8 to go on and the 
counter stands at 8. 

When trigger 8 goes on, the anode of tube 8 i 
is at high potential ( + 136 volts). Since this po¬ 
tential is applied to the grid of tube B through the 
voltage divider RiR-, it means that the potential 
at the grid of tube B will rise above cutoff and tube 
B becomes conductive. This tube is used on the 
tenth pulse. A ninth entry pulse will again turn 
trigger 1 on and have no effect on other triggers, 
thus leaving the counter at 9 (triggers 1 and 8 
on). A tenth entry pulse turns trigger 1 off 
which in turn passes a negative pulse to trigger 2 
and to the left side of trigger 8 . This negative 
pulse tends to trip trigger 2 on, but such action in 
trigger 2 demands a rise in potential at the anode 
of tube 2 i. Since tube B is now conductive, it holds 
the potential at the anode of tube 2i to +40 volts 
and overcomes the attempted rise in potential at 
the anode of tube 2 i and at the grid of tube 2 2 . 
Thus, with tube B conductive, trigger 2 is blocked 
from turning on. The negative pulse produced 
by stage 1 is also applied to the grid of tube 8 2 . 
This causes tube 82 to stop conducting; conse¬ 
quently, trigger 8 goes off, and the counter has 
restored to zero (no triggers on) . When trigger 
8 goes off, the potential at the anode of tube 81 
drops abruptly from +136 to +40 volts, while 
the potential at the anode of tube 82 rises abruptly 
from +40 volts to +136 volts. A tap on the anode 
resistor of tube 81 furnishes a —50 volt pulse to 
operate the carry trigger. If a positive pulse is 
desired to operate a switch when a carryover 
occurs, a tap on the anode of tube 82 can be used. 

Any digit can then be added into this counter 
by applying the proper number of negative pulses. 
If 6 pulses are applied, the counter will stand at 
6 , since triggers 2 and 4 will be on. A counter 
will retain a reading as long as power is applied. 
When a counter is to be cleared, it is merely a 
matter of opening the -100 volt cancel line. This 
applies +150 volts to the right side of all the trig¬ 


gers and they are all turned off, thus restoring the 
counter to 0 . Cancelling is always necessary before 
reading into a counter, because when power is first 
turned on, the triggers may assume any status, de¬ 
pending entirely upon chance or upon variations 
in individual tubes. 

Observe that on the tenth pulse when trigger 8 
goes off and the potential drops at the anode of 
tube 81, triode B is rendered non-conductive, and 
its anode potential immediately rises, thus releasing 
trigger 2 from the blocking action. If this oc¬ 
curred too soon, the tripping pulse produced by 
trigger 1 on the tenth pulse might still be effective 
to turn trigger 2 on. To insure against this, the 
blocking action of tube B is maintained for a short 
time after trigger 8 goes off by maintaining con¬ 
duction through tube B for a short period after 
trigger 8 goes off. This insures that trigger 2 is 
not unblocked until the tripping pulse from trig¬ 
ger 1 is spent. It is for this reason that the grid of 
tube B is coupled to the anode of tube 82 through 
capacitor C. During the reversal of trigger 8 to 
the OFF status, the potential at the anode of tube 
82 is rising rapidly while that at the anode of tube 
8 j is dropping rapidly. The rising potential is 
transmitted by way of the capacitor C to grid re¬ 
sistor Rg of tube B. This rising potential counter¬ 
acts the effect of the dropping potential on the grid 
of tube B and maintains the grid of tube B above 
cutoff until capacitor C is fully charged. Thus, the 
grid of triode B does not follow the anode of tube 
81 immediately, but is held above cutoff potential 
for a definite delay period determined by the 
charging time of capacitor C. Thereafter, the low 
potential at the anode of tube 81 is effective to hold 
tube B cut off as long as trigger 8 is off. 

In practice the blocking tube is one-half of a 
12SN7 twin triode. The other half is used as the 
blocking tube for another counter position. For 
this reason and to facilitate the handling of the 
tube chassis, counter chassis are built with two 
counter positions per chassis as shown in Figure 93. 
Each chassis also contains an indicator light block 
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Tube 2 


Tube 4 


Tub* 1 


Tub* 5 


Indicator 
light Block 


Tub* 10 


5th Counter 
Position 


6th Counter 
Position 


Blocking 


A Front View - Showing Indicator Block 



Indicator 
light Socket 


Tube Socket I 


Tube Socket 4 


Socket 10 


Carry Output 
5th Counter 
Position 


Filament 


Tcrminalj 


Carry Output 
6lh Counter 
Position 


Input 5th 
Counter Position 


150V line 


Ground line 


- 100V line 


100V 


Cancel line 


Input 6th 
Counter Position 


Post 6 


B Rear View - Showing Terminals 


Figure 93. Two-Position Electronic Counter (K Chassis) 
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used to indicate the counter reading at any time by 
indicating which triggers are on. One row of 
lights applies to each counter position. The bottom 
view of the chassis indicates the terminal connec¬ 
tions. 

As an example of the circuits for a complete 
counter chassis, see the circuit diagram for chassis 
K, the 5th and 6th counter positions of the multi¬ 
plicand counter (Sections 47 and 48 on wiring 
diagram). Note that the nine filaments are in 
series across the 115 volt A.C. line, placing 12.8 
volts across each filament. All counter chassis are 
the same regardless of where they are used. If 
carry circuits are necessary, the tubes controlling 
carry are mounted in separate chassis. No carry 
circuits are used in the multiplier or multiplicand 
counters; only the product counter requires carry 
circuits. 

Observe that all counters use high-speed triggers. 
Since counter read-in may be at either high or low 
speed, it is necessary to employ high-speed triggers 
throughout. 


Indicator Blocks 

Neon indicator lights are used throughout the 
electronic unit to indicate the status of various 
triggers. The light is wired to glow when the cor¬ 
responding trigger is in the on status. Figure 94 
shows how the indicator light is connected to a 
trigger. As long as the trigger is off (tube 1 con¬ 
ducting) , the anode of tube 1 (point A) is at +40 
volts, and there are 40 volts impressed across the 
neon bulb since the bulb is connected between 
ground and the anode of tube 1 through resistor 
R. This bulb will not glow, however, until at 
least 90 volts are impressed across it. When the 
trigger goes on, the potential at the anode of tube 
1 rises to +136 volts, and the neon bulb will glow, 
indicating that the trigger is on. 

The 1 megohm resistor R limits the current 
through the neon bulb, isolates the anode of tube 
1 from other circuits, and thus prevents capacity 
coupling in the cables. 

As a word of caution, it should be pointed out 
that the neon bulb will glow when the potential 
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at point A is over +90 volts regardless of the trig¬ 
ger status. For example, if the filament of a trig¬ 
ger tube is burned out, neither tube can conduct. 
However, the indicator light glows, indicating 
that the trigger is on. Sometimes this can be used 
to detect a faulty trigger tube. 

The indicator bulbs are mounted in a block 
which can be plugged into a socket. An extension 
cable is provided to permit viewing indicator lights 
from the rear of the chassis. The layout of the 
bulbs in a block is shown by the insert in Figure 

94. Note that there are ten bulbs in the block. 
The numbering is designed to permit use of a stan¬ 
dard block in all applications. The horizontal 
numbers between the bulbs (1, 2, 4, 8) refer to the 
digital value of triggers used in counters while the 
numbers along the edges of the block merely rep¬ 
resent the bulb number. When the socket is used 
in locations other than counters, it is ordinarily 
mounted vertically so that the numbers on the 
outer edges can be read. In these cases the left 
side is counted first, and number 6 is the first bulb 
in the row to the right. 

To avoid confusion, it is recommended that on 
the indicator blocks used in counters the outer 
numbers be blacked out with masking tape or 
crayon. 

Counter Read-In from Card 

Reading into an electronic counter from a card 
requires that the electronic counter receive a num¬ 
ber of negative pulses equal to the value of the 
digit punched in the card. The method of doing 
this is illustrated by the block diagram in Figure 

95. A set of CB’s provides 9 positive pulses which 
are fed to a switch tube. The pulses from the CB’s 
have no effect, however, until the switch is "un¬ 
locked” by the trigger, and consequently no nega¬ 
tive pulses can pass through from the switch tube 
to the counter until the read-in trigger is turned 
on. (A tube inverts a pulse so that the positive 
pulses from the CB’s pass to the counter as nega¬ 
tive pulses.) 


6 


Brush 
makes—*- 
here 



9 Pulses in syn¬ 
chronism with punch 
index 


CB's(9mid-index pulses) 



(“3“ hole in card) 


Figure 95. Block Diagram of Counter Read-in Circuits 


When a brush drops through a hole in the card, 
the read-in trigger is turned on, and the switch 
tube is "unlocked” so that it can start passing 
pulses. If, for example, the brush drops through 
a 3 hole, the CB’s will make only 3 more times in 
that cycle and only 3 pulses will be passed to the 
counter. The trigger is necessary to provide a 
means of maintaining the switch tube in a con¬ 
ductive state until the end of the cycle, because 
the impulse from the hole in the card has a dura¬ 
tion of only 0.3 of a cycle point on the index. 
Before a new cycle is started, the read-in trigger 
is cancelled off to prepare it to accept a new read¬ 
ing. The block diagram does not indicate the actual 
connections, but these can be found in the com¬ 
plete circuit for read-in control of one counter 
position shown in Figure 96. 

Observe that the control grid of the pentode 
switch tube is tied directly to the grid of tube 2 
of the trigger, so that the grid of the pentode fol¬ 
lows the grid of tube 2 of the read-in trigger in 
potential. As long as the* trigger is off, as indi¬ 
cated in Figure 96, the potential at point G is —30 
volts and the pentode switch is cut off. When the 
trigger goes on, point G rises to cathode potential 
and so does the control grid of the pentode, there¬ 
by conditioning the pentode to conduct. The posi¬ 
tive pulses on the suppressor of the 6SK7 can then 
be inverted to negative entry pulses for the 
counter input. The voltage shift at the anode of 
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9 Mid-index 
+Pulses — 



All resistance values shown in megohms 

AH capacitance values shown in micro-microfarads unless otherwise indicated 


Figure 96. Counter Read-in Control Circuit 


the 6SK.7 is 100 volts when conduction starts. Since 
the counter requires only a 50 volt pulse, a center 
tap is used on the pentode load resistor Rl. 

The suppressor of the 6SK.7 is connected to point 
S between resistors R4 and R5 which are tied to 
the -100 volt line and the ground line respectively. 
Since R4 and R5 are equal, this places point S at 
—50 volts normally and the tube is cut off regard¬ 
less of the potential at the grid. However, once 
the grid is conditioned to conduct, then any time 
the suppressor rises above cutoff potential, the 
pentode will conduct and a negative pulse is pro¬ 
duced at the anode of the 6SK7. The suppressor 
rises above cutoff whenever a positive pulse is ap¬ 
plied to point S through the coupling capacitor 
C2. The number of these pulses accepted by the 
6SK7 depends upon the point in the punch cycle 
when the trigger is turned on from a hole in the 
card. 

The turning on of the trigger is accomplished 
as follows: When the card brush makes contact 
through a hole in the card and the CB’s make, a 
circuit is established from the +40 volt line, 
through post 1, CB’s R8B, common brush, contact 
roll, hole in card, individual brush, brush hub, con¬ 
trol panel wire, counter entry hub, through resis¬ 


tors R=, Ra, and Rg to the -100 volt line. This 
circuit will cause current flow through R 2 , Ra, 
and Rg. The increased current through Rg, in 
addition to the normal bleeder current, causes an 
increased IR drop across Rg and point G rises above 
cutoff for tube 2 of the trigger so that tube 2 of 
the trigger starts conducting. Immediately the 
dropping potential at the anode of tube 2 cuts off 
tube 1 by means of the retroactive coupling from 
the anode of tube 2 to the grid of tube 1. This 
means that the trigger is turned on. Observe that 
the input capacitors of this trigger are tied to the 
+ 150 volt line and that the tripping pulse from 
the brush is applied to the left side only. 

Once the trigger goes on it remains on until it 
is cancelled off, and the 6SK.7 is conditioned to 
accept the pulses applied to the suppressor. The 
use of this arrangement provides a safeguard 
against "bouncing” brushes or CB contacts. Once 
the trigger is turned on, any opening of the circuit 
due to a "bouncing” brush will not turn it off. 
Also, if the circuit is completed again, the trigger 
is already on and no effect is produced. Only a 
short making time is required to turn the trigger 
on, and after that it does not matter what happens 
to the brush. 
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The purpose of the capacitor Ci tied between 
R 2 and R 3 to ground is to by-pass any stray pulses 
on the line to ground and thus prevent them from 
turning the trigger on. Before the effect of a 
pulse can be felt at G, the capacitor Ci must be 
charged, because during the charging time of Ci 
it is effectively a shunt to ground. This means 
that any short duration transients will be dissipated 
in charging Ci. The exact time constant is deter¬ 
mined by the value of R 2 and C,. Of course, this 
produces a slight delay in the triggering operation 
when a brush makes, but the delay is not objec¬ 
tionable because the brush contact duration is con¬ 
siderably longer than required to turn the trigger 
ON. 

The purpose of the RC combination R1-CR4 is 
to ground the CB’s between pulses and thus pre¬ 
vent unstable operation resulting from "floating” 
lines when the CB’s are open. The purpose of the 
resistor Rs in the screen and suppressor circuits of 
the 6SK7 is to prevent parasitic oscillations. The 
screen resistor also presents a means of producing 
equal current flow through all tubes used in paral¬ 
lel. For example, one tube’s characteristic may 


be such that its screen and anode current during 
conduction are higher than the screen and anode 
current of other tubes. When all tubes are oper¬ 
ated at the same voltage, the higher screen current 
of this tube will cause a greater voltage drop across 
the individual screen resistor for this tube and will 
thereby reduce the screen potential, resulting in a 
decreased anode current. Thus, variations in tube 
characteristics produce no variation in operation. 

Read-In Pulse Circuit 

The block diagram in Figure 95 indicates that 
the 9 pulses provided to control reading into a 
counter are directly from a CB cam contact. 
Actually, this is not true, because a cam contact 
is likely to be erratic because of contact bounce, 
and several pulses may be entered in a counter for 
one cycle point. To avoid this trouble, the CB’s 
control a trigger which in turn controls a power 
tube to provide the pulses to control the read-in 
switch pentodes. A power tube is necessary be¬ 
cause if a trigger is loaded, unstable operation re¬ 
sults. 


Post I 



Figure 97. Read-in Pulse Circuit 
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As shown in Figure 97, a set of CB’s (P5 and 
P6) make 5 teeth after each index line and break 
8 teeth after. P17 cam contact allows only the 
pulses from 9.5 through 1.5 to pass. Each time 
the CB’s make, the trigger is turned ON in exactly 
the same manner described in the section, Counter 
Read-in from Card. 

Observe that the 2 5L6 power tube is normally 
conductive, since its control grid is tied to the 
+ 150 volt line. This means that its anode is nor¬ 
mally at low potential. Also observe that the grid 
of the 25L6 is coupled to the anode of tube 2 of 
the trigger through coupling capacitor (+. When 
the trigger goes on, the anode of tube 2 drops sud¬ 
denly from about +136 volts to +40 volts. This 
negative shift in voltage is passed through Ca to 
the grid of the 25L6 and momentarily cuts it off. 
When the 2 5L6 stops conducting, its anode poten¬ 
tial rises to +150 volts, and the resulting positive 
pulse is passed to the suppressors of all the switch 
tubes controlling the multiplier and multiplicand 
read-in. 

Another set of CB’s (P7 and P8J make at 
each index line and open three teeth after the line. 
Pi8 cam contact allows only the pulses from 9 
through 0 to pass to the right side of the trigger. 
Each time that P7 and P8 make from 8 to 0, the 
trigger is turned OFF in exactly the same manner 
it was turned on by P5 and P6. Consequently, 
the trigger goes on at mid-index points from 9.5 
through 1.5 and goes OFF at index points from 8 
through 0, thus providing 9 pulses in synchronism 
with card movement through the punch for read- 
in control. 

The by-pass capacitors Ci and C? serve the same 
purpose as the by-pass capacitor C in Figure 96. 
As in the case of the read-in triggers, this method 
of generating pulses eliminates all trouble due to 
bouncing contacts. For example, once the trigger 
is turned on by P5 and P6 making, it makes no 
difference if they do open and close because of a 
bounce. The trigger cannot be turned off by 
opening P5 and P6; it can be turned off only by 


P7 and P8 closing. Likewise, once the trigger is 
turned OFF by P7 and P8 making, any break in 
the circuit will not turn the trigger on; only a 
circuit through P5 and P6 can turn it on. The 
two .0025 megohm wire-wound resistors shown 
connected from ground to Pi7 and Pi8 are pro¬ 
vided to maintain a sufficient flow of current 
through the contact points in order to prevent a 
film forming over these points when no current 
flows. 

The read-in trigger and power tube are tubes 
B-3 5 and B-36 in the B chassis. The circuit is t 

shown in Section 3 0B of the wiring diagram. Ob¬ 
serve that the read-in pulse control trigger is a 
slow-speed trigger. 

Counter Read-In at High Speed 

When multiplying, high-speed pulses at the rate 
of 3 5,000 per second are fed to the multiplicand 
counter. For each cycle during which the multi¬ 
plicand counter is to be "rolled,” ten pulses are 
fed to the counter to provide a timed carry pulse 
and restoration of the counter back to its original 
setting. These ten pulses are positive pulses which 
are applied to the grid of a normally cut-off in¬ 
verter triode. The positive pulses cause conduc¬ 
tion through the tube, and the resulting negative 
pulses are fed to the counter through an anode re¬ 
sistor tap. 

The complete wiring diagram for the multipli¬ 
cand counter read-in controls in the D chassis may 
be seen in the circuit diagram in Sections 3 3 and 
34. Posts 1, 5, 8, 12, 15, and 19 are connected to 
the multiplicand counter entry hubs on the con¬ 
trol panel through the connecting cable. Posts 21, 

26, 28, 33, 35, and 40 connect to the input of the 
six multiplicand counter positions. The indicator 
lights indicate which of the six read-in triggers 
(Dl, D4, D7, D10, D13, D16) is on, that is, 
which is accepting card read-in pulses. No indi¬ 
cation is given of the high-speed read-in. 

Only one voltage divider is used to furnish the 
—50 volt potential normally applied to all pentode 
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suppressors. This divider is shown under tube D3 
connected between the -100 volt line and ground. 
Also, only one input capacitor is used to feed the 
read-in pulses to all six suppressors. This same in¬ 
put capacitor is used to supply the read-in switches 
for the multiplier counter on the C chassis. Post 
45 indicates this connection. 

The tubes are arranged so that each horizontal 
row corresponds to one counter position as nearly 
as possible. Since only a triode is required to con¬ 
trol the high-speed input for each position, only 
three 12SN7 twin triodes are used for the six posi¬ 
tions, consequently, the line up of one row per 
position is not strictly true in the D chassis. 


The ten high-speed pulses to roll the multip^- 
cand counter originate in the B chassis and are fed 
in to post 2 through the 2 50 mmfd coupling 
capacitor to the input inverters D5, Dll, and D14. 

The grids of the input inverters are normally at 
about -3 5 volts since they all tie to the voltage 
divider shown under tube D5. This voltage divider 
is tied between ground and the -100 volt line and 
the grids are tapped approximately two-thirds of 
the way from the -100 volt line or at about -3 5 
volts. Positive pulses entering post 2 drive all grids 
above cutoff simultaneously so that all six counter 
positions receive the rolling pulses. Note that the 
high-speed read-in control triodes utilize a portion 



E - I , 2,3,4 
E - 6 , 7 , 9 ,10 
F - I , 2 , 3 , 4 
F - 6 , 7 , 9 , 10 
G- I , 2 , 3 , 4 
G- 6 , 7 , 9 , 10 

I - I , 2 , 3 , 4 
I - 6 , 7 , 9 , 10 
J — I ,2,3 ,4 
J - 6 , 7 , 9 , 10 
K - I , 2 , 3 , 4 
K - 6 , 7 , 9 , 10 


Figure 98. Block Diagram of Read-in Circuits 
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of the anode resistors in the switch tube anode cir¬ 
cuit. Since only one circuit is in operation at the 
time, this permits simpler connections as only one 
counter input wire is required for both operations. 

The multiplicand counter consists of six elec¬ 
tronic counter positions on chassis I, J, and K, 
shown on Sections 43 through 48 of the wiring 
diagram. All counter positions are exactly the 
same; therefore, no effort will be made to repeat 
any counter operations. 

The screen potential of the multiplicand read-in 
switches is under control of the factor reversal 
switch. When set for group multiplying, with 
the factor reversal switch on, the screen supply is 
open on all cards except the rate card; the switch 
tubes are non-conductive. Observe that the +65 
volt supply on the D chassis is connected to 
terminal CNp34. This connection places the +65 
volt supply for the multiplicand read-in switches 
under the control of the group multiply and fac¬ 
tor reversal relays. 

The read-in controls for the multiplier counter 
appear on chassis C and circuits are shown in Sec¬ 
tions 31 and 32. The multiplier read-in switches 
also have their screen supply connected through 
the group multiply and factor reversal relays in 
the punch unit through connector CNp32. This 
arrangement is used to permit conduction by the 
read-in switches only when a rate card passes the 
first set of brushes during a group multiplying 
run. Use is made of the fact that a 6SK7 will not 
conduct if there is no potential on its screen. The 
multiplier counter (chassis E, F, G) circuits are 
shown in Sections 3 5 through 40. Figure 98 is a 
block diagram of all read-in circuits, showing all 
tubes for all counter positions. 

COMPUTING CIRCUITS 
Multivibrator and Clippers 

After the multiplier and multiplicand factors 
have been entered into their respective counters, 
the operation of the computing section is initiated 
by P24 cam contact at 11.5 on the index. Before 


explaining the starting of computations in detail, 
means of producing operating pulses for the com¬ 
puting section will be described. 

A suitable oscillator is required as a parent 
source of pulses for performing the computations. 
The pulses must be square wave pulses for proper 
operation of triggers; consequently, a multivibra¬ 
tor type of oscillator is used. The multivibrator 
develops roughly square-topped waves of potential 
at the outputs of the two tubes, the waves at one 
output being 180° displaced in phase from those 
on the other output. In this machine two multi¬ 
vibrators are provided, one to generate square 
waves at approximately 3 5,000 per second for nor¬ 
mal computations and one to generate 5 cycles per 
second for slow-speed operation, which permits 
visual observation of tube operations by watching 
the indicator lights. A dial switch is provided to 
switch from one multivibrator to the other. 

Fluctuations in the frequency of the multi¬ 
vibrator do not affect the accuracy of the comput¬ 
ing operations since the multivibrator is itself the 
master timer of all computing operations. 

As the output of the multivibrator is not a true 
square wave, some means must be provided to 
shape the pulse into a square wave. This is done 
by means of clippers, which utilize only a portion 
of the wave from the multivibrator and thus pro¬ 
duce an almost perfect square wave. The theory 
of operation of both multivibrators and clippers 
follows. Thorough knowledge of the theory of 
operation of multivibrators and clippers is not es- 
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sential to repair the machine and may be skipped 
if desired. However, for the benefit of those who 
wish a thorough explanation, the complete theory 
of operation is discussed. 

The basic form of a multivibrator is shown in 
Figure 99. By comparing this circuit with a trig¬ 
ger circuit, it will be observed that the multivibra¬ 
tor circuit is derived from the Eccles-Jordan trig¬ 
ger circuit by removing the grid-to-anode coupling 
resistors. In this manner the circuit reverses itself 
as fast as the coupling capacitors charge and. dis¬ 
charge, instead of depending upon externally ap¬ 
plied pulses. 

In order to understand the operation of the 
multivibrator, assume that on applying power both 
tubes start conducting and that the coupling 
capacitors Cc charge. Note that the voltage across 
Ti is applied to the Rg 2 -Cc 2 combination and that 
the voltage across T» is applied to the Rgi-Cci 
combination. Also remember that it takes time for 
the voltage across a capacitor to change. Conse¬ 
quently, once the Cc capacitors are charged, a volt¬ 
age change at the anode of either tube will be 
transmitted through the Cc capacitor and be felt 
instantaneously at the opposite grid. With both 
Ti and T 2 conducting, assume there is a momen¬ 
tary increase in anode current through Ti caused 
by a sudden increase in emission. The starting of 
oscillation actually depends on the fact that no 
two tubes are exactly alike in characteristics. Any 
increase in current flow through RLi increases the 
IR drop across RLi and thereby reduces the poten¬ 


tial at the anode of Ti. This reduction in poten¬ 
tial is transmitted through CC 2 to the grid of T 2 . 
The reduction in potential at the grid of T 2 lowers 
the anode current through T 2 , which results in a 
lower IR drop across RL 2 and an increased poten¬ 
tial at the anode of T 2 . This increased potential is 
transmitted via Cci to the grid of Ti, and it results 
in a further increase in anode current through Ti. 
This continues until T 2 is completely cut off. The 
process is cumulative and with proper design the 
action is almost instantaneous. 

When T 2 is cut off, it remains so as long as the 
charge on CC 2 keeps the grid of T 2 below cutoff 
value. Once T 2 is cut off, CC 2 starts discharging 
as indicated in Figure 100A, and as soon as suffi¬ 
cient charge has leaked off through Rg», the grid 
potential on T 2 rises above cutoff, and anode cur¬ 
rent again starts to flow through T 2 . This de¬ 
creases the potential at the anode of T 2 ; and since 
the voltage across Cci cannot change instanta¬ 
neously, this decrease in potential at the anode of 
T 2 is transmitted through Cci to the grid of Ti, 
resulting in a decreased anode current through Ti. 
The decrease in anode current through Ti in¬ 
creases its anode potential; this increase is trans¬ 
mitted through Cc 2 to the grid of T 2 , which in 
turn further increases the anode current through 
T 2 and lowers the potential at the anode of T 2 
which in turn makes the grid potential of Ti more 
negative. This cumulative process continues un¬ 
til Ti is cut off; Tl remains cut off until Cci dis¬ 
charges (Figure 100B), and the cycle repeats itself. 




Figure 100. Current Flow in Multivibrator 







Figure 101. Voltage and Current Curves lor Multivibrator 


The time interval between the triggering oper¬ 
ations, that is, the frequency of oscillation, is deter¬ 
mined primarily by the value of Rg and Cc and to 
a small extent by the value of RL and the supply 
voltage. The time interval that Ti conducts can 
be made different from the time interval that T 2 
conducts by varying the values of Cci and Cc 2 . In 
this application, the two time intervals must be the 
same; consequently, the two sides of the multi¬ 
vibrator must be symmetrical. 

The voltage across RLi rises and falls exponent¬ 
ially because of the charge and discharge of Cc 2 . 
If RLi is sufficiently small in comparison with Rg 2 
so that the capacitor current does not greatly af¬ 
fect the voltage drop across RLi, the voltage pulse 
across RLi is approximately rectangular. There¬ 


fore it is important to have the value of the RL 
resistors much smaller than the Rg resistors if a 
rectangular wave form is desired. 

Figure 101 shows the theoretical grid potential 
and anode current curves for a typical multivibra¬ 
tor. The graphs assume that on starting both tubes 
are conducting; at time a, the first triggering 
takes place because of an increase in current 
through tube 1 and continues at regular intervals. 
Note that the anode current is not constant dur¬ 
ing conduction. This is due to the discharging 
current of the capacitors. From Figure 100 it will 
be observed that the direction of capacitor dis¬ 
charge current flow through the RL resistors is the 
reverse of the direction of tube current flow. 
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Hence the net anode current is less than the 
amount normally flowing through the tube. 

The low grid potential during the positive half 
of the grid potential waveform is explained by the 
flow of grid current which rises rapidly with an 
increase in positive grid potential and produces an 
IR drop across the Rg resistor, thus keeping the 
grid potential from rising very far above zero. 

The change in grid potential during the posi¬ 
tive half of the cycle is more rapid than during the 
negative half. This is explained also by the flow 
of grid current. When grid current is flowing in 


X>, the grid resistance of T 2 is much lower than 
the resistance of Rg 2 ; therefore during this time, 
T 2 effectively shunts Rg 2 , and the charging current 
of Cc 2 is limited almost entirely by RLi which is 
low compared with Rg 2 . During the negative half 
of the cycle, the grid resistance of T 2 is almost in¬ 
finite and the discharge current is limited by RLi 
and Rg 2 . Since Rgi is much larger than RLi, the 
capacitor charges much more rapidly than it dis¬ 
charges. Since the grid potential of the conduc¬ 
ting tube drops to zero more rapidly than the nega¬ 
tive grid potential of the other tube rises above 
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cutoff, triggering is determined by the grid poten¬ 
tial of the non-conducting tube, and the frequency 
of oscillation is determined by the rate of rise of 
the negative grid potential. This time interval is 
indicated as ti and t 2 in Figure 101 . 

The voltage output at any point on a multivi¬ 
brator is approximately a square wave, but not 
sufficiently so to use directly for operating triggers. 
For this reason, the pulses must be shaped to a true 
square wave. This is done by a peak clipping cir¬ 
cuit. A simple form is illustrated in Figure 102, 
together with the voltage waveforms. The diode 
clipper shown illustrates the clipping of a sine wave 
and converting it into a flat top wave approxi¬ 
mating a square wave. The output voltage exactly 
follows the input voltage until the impressed volt¬ 
age reaches the point where conduction starts 
through one of the diodes, and the resulting IR 
drop across RL prevents any further rise of the 
output voltage. This is true because with an in¬ 
crease in current, the IR drop across RL increases 
rapidly owing to the large value of RL, but the 
voltage change across the diode is negligible. 

The graphs in Figure 102 B show the action of 
the clipping circuit. If it is desired to clip only 
the top of the positive half of the wave, only tube 
Ti is necessary. The purpose of the batteries Ei 
and E 2 is to establish the voltage amplitude at 


which clipping occurs. In practice, these would 
be replaced by capacitors. 

A triode clipping circuit is illustrated in Figure 
103. Observe that the grid of Ti is connected 
midway between the -100 volt line and the +150 
volt line through the equal resistors Ri and R 2 so 
that the grid approaches +25 volts. Grid current 
maintains the grid potential at approximately zero. 
Consequently, Ti is normally conductive, and 
point Ai is normally at about +50 volts (100 
volt drop across RLi resulting from anode current 
through Ti). Now observe that the grid of T 2 
is connected between the -100 volt line and the 
anode of Tx (point Ai), through equal resistors 
R 3 and R±. With point Ai at +50 volts, the grid 
of T> (point G 2 ) is at -2 5 volts, that is, half-way 
between -100 volts and +50 volts. The cutoff 
potential of the Ti and T 2 triodes is -8 volts, con¬ 
sequently, T 2 is cut off as long as Tj conducts and 
point A 2 is at +150 volts. 

Now assume the output from a multivibrator 
with a waveform as shown at A in Figure 104 is 
applied to the grid of Tj through coupling capaci¬ 
tor C shown in Figure 103. (This capacitor is 
large enough to maintain its charge during a half 
cycle so that point Gi can be held to the applied 
potential for the duration of the pulse.) A positive 
pulse applied at C will have little effect because 



Figure 103. Triode Clipping Circuit 
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Figure 104. Output Voltages of Multivibrator and 
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grid current will increase rapidly and cut down 
the potential at Gi rapidly. The slight increase 
in anode current through Ti resulting from a posi¬ 
tive pulse will produce a slight drop in anode 
potential at point Ai. However, a negative pulse 
applied at C will drive the grid of Ti negative. If 
the negative pulse is of more than 8 volts, T 1 will 
be cut off. Actually, the negative pulse from the 
multivibrator may approach -100 volts and be an 
almost instantaneous shift; hence, Ti is almost in¬ 
stantaneously cut off, and point Ai rises almost 
instantaneously to +150 volts (ignoring the bleed¬ 
er circuit from the -100 volt line through I+, R ;; , 
RLi to the +150 volt line). Point Ai remains at 
approximately +150 volts as long as point Gi is 
at —8 volts or less, consequently whatever the shape 
of the applied waveform is below the -8 volt line, 
the output of Ti will be a square-topped wave. 
This is indicated at B of Figure 104. However, 
to obtain a truly square wave the output of Ti 
must pass through T? so that the lower portion 
can be clipped. 

As previously mentioned, T 2 cannot conduct as 
long as Ti conducts. However, when Ti cuts off, 
point Ai rises to approximately +150 volts and 
point G 2 becomes positive, thus making T 2 con¬ 
ductive. When T 2 conducts, point A 2 is at ap¬ 
proximately + 50 volts. Since T 2 cuts off at -8 


volts and the pulse from Ti is approximately 100 
volts, the variation from a square wave in the 
waveform from the output of Ti will not be re¬ 
flected in the output of T 2 , and a true square wave 
is obtained at the output of T 2 as indicated in Fig¬ 
ure 104C. Bear in mind that the waveforms shown 
in Figure 104 are theoretical. Practical waveforms 
differ somewhat because of inductive effect, inter¬ 
electrode capacity, etc. 

As both the multivibrator and clippers are volt¬ 
age devices, their output cannot be utilized directly 
as a source of pulses for the electronic unit. To 
actually supply the pulses for the unit, power tubes 
controlled by the clippers are used. 

The actual circuit for the generation of pulses 
in this unit is shown in Figure 105. This circuit 
is taken from the A chassis circuit (Section 23B). 
Observe that the cathodes of the multivibrator are 
tied to the -100 volt line and that the anodes are 
tied to the anode of a VR-15 0 tube. Thus, the 
anode voltage supply is taken across the VR-150 
voltage regulating tube. The voltage regulating 
tube is a gas-filled, cold cathode tube which has the 
property of maintaining a constant voltage drop 
within its operating limits. The amount of the 
voltage drop is determined by the gas used and the 
physical structure of the tube elements. The VR- 
150 "fires” at 18 5 volts and then maintains a con¬ 
stant drop of 150 volts within the range of 5 
through 40 milliamperes anode current. This 
method provides a constant anode voltage for the 
multivibrator even with variations in the supply 
and thus maintains a constant oscillating fre¬ 
quency. The 3000 ohm resistor between the +150 
volt line and the VR-150 anode limits current 
through the VR-150 to 30-3 5 ma and provides 
the means for compensating for supply voltage 
fluctuations. Variations in supply voltage result 
in variations in current through the VR-150 and 
in proportional variations in IR drop across the 
3000 ohm resistor, thus maintaining a constant 
IR drop across the VR-150. 

The voltage pulses at the anode of tube 2 of the 
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Figure 105. Generation ot A and B Pulses 


multivibrator are passed on to the grid of the first 
stage of the clipper by means of a coupling capaci¬ 
tor. The output of the first stage is direct-coupled 
to the second stage, and the voltage output of the 
second stage is capacity-coupled to power tube T>. 
The output of the second stage of the clipper is also 
fed by direct coupling to the grid of the inverter 
whose output is in turn capacity-coupled to power 
tube Ti. Thus power tubes Ti and T 2 produce 
square wave pulses displaced in phase by 180° from 
each other. The square waves from Ti will be 
known as "A” pulses, and any pulses, regardless 
of their source, may be called A pulses if in phase 
with the A pulses. The square waves from T 2 are 
known as "B” pulses, and any pulse may be called 
a B pulse if it is in phase with the B pulses. Re¬ 
member that the A and B pulses are 180° out of 
phase with each other; consequently, when an A 
pulse is fed to the grid of a tube, it appears at the 
anode as a B pulse. The reason for the two types 
of pulses is to permit a switch to be conditioned 
prior to sending any pulses through it. Thus, a 
switch may be conditioned by an A pulse and then 
B pulses are passed through it. 


The purpose of the SOmrnfd capacitors across 
the .5 1 megohm resistors in the clipper and inverter 
circuits is to balance the interelectrode capacitors 
and thus permit the grids to follow the applied 
pulses without lag. 

A study of Section 1 of the A chassis circuit dia¬ 
gram (Section 23) will show that Figure 105 is 
taken directly from there. Only the switching 
arrangement to permit switching from the 3 5KC 
multivibrator to either hand pulsing or to the 5- 
cycle multivibrator is omitted in Figure 105. Ob¬ 
serve from the A chassis circuit that tube A10 is 
the 3 5KC multivibrator and that the VR-150 is 
in position A7, while the 5-cycle multivibrator is 
tube A9 and the manual pulse trigger is A8. A 
trigger is necessary when manual pulsing is used 
to provide a true square wave voltage and elim¬ 
inate multiple pulses passing through the contact 
because of contact bounce. A neon bulb indicates 
the status of the manual pulse trigger. 

Regardless of which source is used for pulses, the 
dial switch routes the pulses through the clipper 
All from where the pulses pass to power tube A18 
to produce B pulses, and through inverter A17 
to power tube A16 to produce A pulses. 
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Figure 106. Oscillograms Taken During Actual Operation 


It may be observed that the 5 cycle multivibra¬ 
tor utilizes half of the A17 tube as a follower to 
permit direct coupling to the clippers. This is 
necessary at the extremely low frequency to pro¬ 
duce a true square wave. 

Figure 106 shows the actual waveforms adapted 
from oscilloscope patterns taken during actual 
operation. Note that the clipper output is not a 
true square wave owing to interelectrode capacity. 
This is not important, however, as only the output 
of the A16 and A18 power tubes is used, and these 
outputs are square waves. Note the effect of grid 
current by comparing the potential curve at the 
anode of A10 2 with the potential at the grid of 
All*. The potential at the grid of Alls cannot 
rise because grid current prevents the grid going 
positive. 


Electronic Timers 

There are three electronic timers used in this cir¬ 
cuit, namely the primary, secondary, and tertiary 
timers. The primary timer establishes the basic 
adding cycle of 16 pulses, while the secondary 
timer determines that there are 10 primary cycles 
within each column shift cycle (secondary cycle). 
The tertiary timer advances the column shift and 
determines that the multiplication is finished after 
completing six column shift cycles. Each timer is 
merely an electronic counter; the reading of the 
counter at any point determines the point in the 
computing cycle. Thus, if the primary timer reads 
5, it indicates that 5 pulses of the 16 constituting 
an adding (or primary) cycle have been fed to the 
timer. If the secondary timer stands at 8, it in¬ 
dicates that the machine has completed the 8th 
adding cycle within a column shift cycle, etc. 

The primary timer is a straightforward binary 
counter with 4 trigger stages connected as illus¬ 
trated in Figure 89. As explained with reference 
to Figure 89, a 4-stage binary counter returns 
to its 0 status every sixteen pulses; consequently 
it can be used to establish a sixteen point cycle. In 
order to establish definite points within a cycle, 
certain combinations of triggers are used, or use is 
made of the fact that certain triggers are ON only 
during a given time, i.e., only after a definite num¬ 
ber of pulses have been applied to the timer. For 
example, the last stage of a 4-stage binary counter 
goes off only on the 16th pulse (or 0 time) and 
goes on only on the 8th pulse. In this manner, 0 
and 8 time within a primary cycle can be estab¬ 
lished. Also, 3 time can be established by the fact 
that at 3 time, the 1st and 2nd stages only go on; 
at other times that the 1st and 2nd stages go on, 
other triggers are also on. In this manner any 
cycle point within the primary cycle can be estab¬ 
lished by determining the reading in the binary 
counter composing the primary timer. 

The reason 16 pulses are required for a primary 
cycle is that 10 are necessary for the adding portion 
of a cycle, 4 are used for carrying and 2 are nec- 
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Figure 107. Use of Primary Timer to Establish Sixteen-point 
Adding Cycle (Primary Cycle) 


essary to permit certain operations being performed 
before addition actually starts. In order to allow 
the cycle point number to correspond to the num¬ 
ber of the pulse entering a counter, the primary 
cycle is actually started at 14. This permits cer¬ 
tain operations to be performed at 15 and 0 time 
and then the first pulse to be added in a counter 
can be at 1 time. The ten possible adding pulses 
are then pulses numbered 1 through 10. Starting a 
cycle at 14 is simply accomplished by cancelling 
the last three stages of the primary timer on 
(8 + 4 + 2 =14) and the first stage off. Then 
the first pulse applied to the primary timer ad¬ 
vances it to 15, the next to 0 (16), the next to 1, 
etc. Figure 107 shows how one primary cycle is 
established by the primary timer. Observe that the 
pulse number is analogous to index points in a 
mechanical cycle. The primary timer may be used 
as the index of the electronic computing opera¬ 
tions. Note also that index points occur at posi¬ 
tive A pulses (or negative B pulses). Mid-index 
points occur at negative A or positive B pulses. 

One primary cycle is required to add any num¬ 
ber into a counter once. Since over-and-over ad¬ 
dition is used to multiply, it means that the multi¬ 
plicand may have to be rolled into the product 
counter as many as nine times. This means at 


least nine primary cycles are required to multiply 
by one digit. To permit half-entry and to permit 
the multiplier to return to its original reading 
after rolling, ten primary cycles are used within 
each column shift cycle. To establish the ten pri¬ 
mary cycles, and thus indicate when the column 
shift is to occur, a secondary timer is used. The 
secondary timer must count to 10, consequently a 
conventional one-position decimal counter is used. 

Every time the primary timer completes a cycle 
(at 14) the secondary timer receives a pulse. When 
the tenth primary cycle is completed, the tenth 
pulse is passed to the secondary timer, the sec¬ 
ondary timer advances from 9 to 0, and a carry 
is signalled. This carry is a signal to column shift, 
and the carry pulse is therefore passed to the ter¬ 
tiary timer which controls column shift. 

There are six positions in the multiplier counter, 
therefore a maximum of six column shift cycles 
are necessary. A 3-stage binary counter cap¬ 
able of counting to 8 is used for the tertiary timer. 
Actually it never goes to 8, because computations 
are stopped at the end of the 6th column shift 
cycle. Again, by reading the tertiary timer, the 
column shift cycle can be determined. When the 
tertiary timer advances from 6 to 7, computing is 
stopped. This means that computing is stopped 
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on the cycle point that the secondary timer carries. 
Since the secondary timer receives advancing pulses 
at 14, it also carries at 14; and consequently com¬ 
puting will stop at 14 in the primary cycle, thus 
leaving the primary timer where it started (at 14). 

Compute Start Control and Primary Timer 

Referring to Section 2 5 of the circuit, it will be 
observed that the primary timer consists of four 
triggers in tandem, namely, A26, A27, A28, and 
A29. The A2 6 trigger is normally off, while the 
others are normally on. The A28 off side utilizes 
half of A20 as a follower, while the two triode 
sections of A3 4 are used as a follower for the ON 
and off side of A29. Followers are used to avoid 
loading the triggers, as excessive loading of a trig¬ 
ger results in erratic operation. Note that the in¬ 
dicator block in position A30 is used to indicate 
the status of the primary timer at any time. 

Operation of the primary timer is effected by 
negative B pulses developed by a pentode switch 
tube A25 (Section 23A) after computing is init¬ 
iated under control of the punch unit. The grid 
of the A23 switch is connected to the grid of the 
ON side of A31 trigger, and consequently follows 
it in potential. Since A31 is normally off, A2 5 
cannot conduct, thus preventing response of A25 
to the A pulses applied to its suppressor. 

The grid of tube 1 of trigger A3 1 is coupled to 
the anode resistor of tube 2 of trigger A3 2, which 
is also normally off. The grid of tube 2 of trigger 
A3 2 is directly coupled to P24 cam contact through 
RlBU contact in the punch unit. With a card at 
the die card lever, when P24 makes at 11.3 on the 
punch index, a circuit is completed from the +40 
volt line to the grid of A32 2 , and trigger A32 is 
turned on to initiate computing. The manner in 
which trigger A32 goes on is exactly the same as 
described in connection with the read-in triggers. 

When A32 goes on, the potential at the A32 2 
tube drops, and a negative pulse is transmitted to 
A31 trigger (off side) from a tap on the load re¬ 
sistor of A32 2 . A31 is thus turned on, and the 


grid of tube 2 rises to cathode potential as does the 
grid of the A2 5 switch. With the grid of A2 5 
above cutoff, A2 5 will respond to any pulses ap¬ 
plied to its suppressor. The suppressor of A25 is 
normally at —50 volts, which is sufficient to block 
conduction. However, the suppressor is also con¬ 
nected by a capacitor to the anode of A16, the 
source of the A pulses. 

Each time the A pulse goes positive, A25 con¬ 
ducts, and the potential at its anode drops. Hence 
A2 5 inverts these A pulses to B pulses, which in 
turn are taken from a midpoint tap on the load re¬ 
sistor for A2 5 and fed to A26, the first stage trig¬ 
ger of the primary timer. As previously explained, 
the positive pulses applied to the primary timer are 
of insufficient amplitude to affect its status; only 
negative pulses will be recognized by the primary 
timer triggers. 

Remember from Figure 107 that the cycle points 
represent negative shifts in the B pulses or positive 
shifts in the A pulses. A positive shift in the B 
pulses or negative shift in the A pulses occurs at 
half time, that is, 1.5, 2.5, etc. 

The first positive A pulse applied to A2 5 after 
computing is initiated, produces a negative B pulse 
to advance the primary timer to 15 by turning A26 
ON, as indicated in Figure 107. Since A27, A28, 
and A29 are already on when computing starts, 
all triggers will be on after the first B pulse. The 
second B pulse developed by A2 5 turns A26 off, 
and the potential at the A26i anode drops, pro¬ 
ducing a negative pulse. This negative pulse is 
taken from the midpoint of the load resistor for 
A26i and passes to A27 trigger, turning A27 off. 
As A27 turns off, its tube 1 develops a negative 
pulse which is applied to the third-stage trigger, 
A2 8, turning it off. Follower tube A20 starts con¬ 
ducting and a negative pulse appears at the anode 
of A20, which is passed on to A29 to turn it off. 
Therefore, after two B pulses are applied to the 
primary timer, all triggers are off and the timer 
is at 0. 

The next negative pulse applied to A26 trips it 
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on at 1 time of a computing cycle. As A26 
turns on, tube A26 produces a positive pulse which 
has no effect on the next stage, A27. Another 
negative pulse is applied at 2 time to stage A26, re¬ 
turning it to off status. At this point a negative 
pulse from A26 is applied to A27 to turn it on. 
Thus, each applied negative pulse reverses A2 6 but 
the next stage A27 is reversed only once for every 
two pulses applied to A2 6. Similarly, A28 is re¬ 
versed once for every two tripping pulses applied to 
A27 while A29 is reversed once for every two 
tripping pulses received by A28. The combina¬ 
tional patterns of on and off states of the stages 
of the primary timer are indicated in Figure 107. 
It is seen that there is a different pattern at each 
of the cycle points, 0 through 15, of the sixteen- 
point computing cycle. 

The primary commutator will continue to func¬ 
tion as long as trigger A31 remains on. Trigger 
A31 is turned off, in a manner explained later, 
when the multiplication is completed. On the 
other hand, the trigger A3 2 is turned off by can¬ 
celling upon removal of negative potential from the 
-100 (cancel) line which occurs upon the open¬ 
ing of main cancel cam contact PlO in the punch 
unit. 

If A32 were to control tube A25 directly in¬ 
stead of through trigger A31, then termination of 
computing operations would be timed by the res¬ 
toration of A32 which is under control of a cam 
in the punch unit. It is necessary, however, to 


terminate computing operations under control of 
the computing circuits; for this reason, trigger 
A31 is introduced between A32 and A25, and 
means are provided in the computing section to 
turn A31 off at a predetermined point of a com¬ 
puting cycle after termination of the computing 
operations. It must be remembered that the entire 
computation only requires about 27 milliseconds, 
which is only 6 teeth of movement of the punch 
index. Consequently, it must be possible to stop 
computing, even though the compute start cam 
contact or manual control switch is still made. This 
is made possible by using two triggers. A31 can 
be turned off regardless of the status of A32. 

Note: The .0025 megohm resistor shown be¬ 
tween post 48 (Section 23A) and ground has 
been removed and should be disconnected on 
any machines which have this resistor installed. 
The resistor was added to maintain a current 
flow through P24 at all times, but it was 
found that it upset the operation of the start 
trigger A32 occasionally. Instead, to insure 
more positive operation, the resistor has been 
removed and a silver point installed in P24. 

Secondary and Tertiary Timers 

As previously mentioned, the secondary timer 
is a conventional ten-point counter just exactly as 
described under Electronic Counters. For this rea¬ 
son it is not necessary to repeat the principle of 
operation. 



Figure 108. Relationship Between Primary and Secondary Timers 
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The secondary timer consists of triggers B20 
through B23, blocking tube B27, and follower B24 
shown in Section 29 of the circuit diagram. The 
indicator block in socket B18 indicates the status 
of the secondary timer. The follower B24 follows 
the off side of B23, the last stage of the secondary 
timer. It is used to avoid loading the trigger B23. 
A negative pulse appears at the anode of B24 and 
at the anode of B2 3 1 tube on the tenth pulse applied 
to the secondary timer. These negative pulses are 
the carry pulses and are used to advance the col¬ 
umn shift (tertiary timer) and to turn off trigger 
B17. 

The secondary timer is cancelled to 0 and ad¬ 
vances 1 point at 14 of each primary cycle. The 
means of producing this -14 pulse will be discussed 
shortly. The tenth pulse from the primary timer 
to the secondary timer causes the secondary timer 
to advance from 9 to 0 and a carry is signalled. 
Vhis is a signal to column shift and to start a new 
Series of ten primary cycles. The timing relation¬ 
ship existing between the primary and secondary 


timers is shown in Figure 108. A careful study of 
this timing chart is essential to the proper under¬ 
standing of the sequence of operations. 

The tertiary timer is a three-stage binary count¬ 
er which cancels to 1 so that the reading of the 
counter indicates the column shift position. The 
tertiary timer consists of triggers M2, M3, and M5 
along with followers Ml, M4, and M6. The cir¬ 
cuits are shown in Section 51. 

Multiplier Advancing Pulses 

From the section on Multiplying Principles it 
will be remembered that in order to determine how 
many times the multiplicand is to be added into 
the product counter, the multiplier counter must 
be "rolled” by adding 10 pulses to each position 
successively. One pulse is added during each add¬ 
ing cycle, and the column shift control determines 
which position of the multiplier receives the ad¬ 
vancing pulses. 

The block diagram and sequence chart in Figure 
109 indicates how the primary timer controls the 
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number of times that the multiplicand counter is 
rolled. A group of 10 pulses to roll the multipli¬ 
cand counter is fed to the 10-pulse switch each 
adding cycle, but the 10 pulses cannot enter the 
multiplicand counter until the 10-pulse switch is 
opened by the carry-over of the multiplier counter. 
The multiplier counter position by which multi¬ 
plication is taking place receives an advancing 
pulse at 12 of each cycle, as indicated in the se¬ 
quence chart in the lower section of Figure 109. 
Observe that no rolling pulses can ever enter the 
multiplicand counter during the first adding cycle 
of a column shift cycle, because the first multi¬ 
plier advancing pulse does not come until 12 of 
the first adding cycle, and this is after the adding 
portion of the cycle. The first adding cycle is used 
for half-entry during the 6th column shift cycle. 

The multiplier digit always advances from 9 to 
0 in that adding cycle of the set of ten which is 
the tens complement of the controlling multiplier 
digit. Multiplicand entries start on the succeeding 
cycle, so that the number of multiplicand entries 
in any column shift cycle equals the value of the 
multiplier digit. As shown in Figure 109 at 12 of 
the sixth adding cycle, the multiplier position con¬ 
taining a 4 advances from 9 to 0. Consequently, 
during the 7th through 10th adding cycles, the 
multiplicand will receive 10 rolling pulses. FIow- 
ever, only 6 of these pulses will reach the product 
counter during each adding cycle because of the 
6 standing in the multiplicand counter. This part 
of the operation is explained later with reference 
to the multiplicand read-out. 

Observe also from Figure 109 that the multiplier 
advancing pulse during the 10th primary cycle is 
used only to bring the multiplier reading back to 
its original reading. This is necessary when group 
multiplying, because the same multiplier is used 
for a group of cards. 

The circuit for producing the multiplier ad¬ 
vancing pulse at 12 is shown in the A chassis cir¬ 
cuit (Section 24A) and consists of trigger A3 5 
and power tube A3 6. Note that indicator light 7 


in socket A13 shows the status of A3 5. Figure 
110 shows the same circuit together with the tim¬ 
ing chart for the operation. The pulse produced 
is used to control a switch, therefore, a positive 
pulse must be produced at 12 of each primary cycle. 
Trigger A3 5 is initially off by cancelling, hence, 
neither positive nor negative pulses applied to the 
on side (A3 5a) will have any effect until A35 is 
turned on. A3 5 is turned on by the first negative 
pulse applied to its off side (A3 5i); positive 
pulses have no affect as has been pointed out pre¬ 
viously. A3 5i receives a + pulse at 0 and a - 
pulse at 8 from A29, the fourth stage of the pri¬ 
mary timer; consequently A35 goes on at 8. Ob¬ 
serve from the timing chart that A3 5 2 also receives 
a +8 pulse. This will not affect the operation. 
When A3 5 goes on, a positive pulse is produced 
at the anode of A3 5i as the potential rises from 
about +40 volts to +140 volts. This pulse is 
transmitted to the grid of power tube A36 but it 
has no effect since A36 is normally conducting. 

The next negative pulse to A3 5 2 from A28 (the 
third stage of the primary timer) comes at 12; 
consequently A3 5 goes back to its off status at 
12. At this time the potential at the anode of 
A35i drops, and this negative pulse is transmitted 
to the grid of A3 6. A3 6 momentarily stops con¬ 
ducting, thus permitting the potential at its anode 
to rise to +150 volts and producing a positive 
pulse at 12 to pass on to the multiplier entry 
switches. A3 5 repeats this operation once for 
each primary cycle. 

The multiplier input switches for controlling 
entries to the multiplier counter are located on the 
C chassis and consist of 6SK7 type switch tubes; 
C3, C6, C9, C12, Cl 5, and Cl 8 for the first 
through sixth positions of the multiplier counter 
respectively. 

The read-in triggers and switches shown on the 
C chassis are exactly the same as the ones on the 
D chassis and have already been explained. Note 
that the multiply control switches utilize the same 
load resistors as the read-in switches. This is per- 
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Figure 110. Multiplier Advancing Pulses 


missible since the two switches never operate at the 
same time. 

The grids of the multiply control switches are 
directly coupled to column shift control tubes in 
the M chassis. Each grid is controlled by a different 
tube in the M chassis, corresponding to the differ¬ 
ent column shift cycles. The sixth position of the 
multiplier counter is conditioned first and the first 
position last. As long as the column shift control 
tube in the M chassis is conducting, the corres¬ 
ponding multiply control switch is cut off since 
the potential at the grid will be approximately —3 0 
volts. This is determined as follows: the top of 
the .56 megohm resistor is tied directly to the 
anode of the column shift control tube in the M 
chassis. The potential at this anode is less than 
T50 volts while this tube is conducting. The 


lower part of the .47 megohm resistor is tied to 
the —100 volt line. From the ratio of the resist¬ 
ances, the potential at the grid of the switch tube 
is found to be approximately -30 volts. 

When the column shift control tube stops con¬ 
ducting, the potential at its anode rises to essen¬ 
tially + 150 volts (ignoring the effect of its load 
resistor); then the grid of the corresponding mul¬ 
tiply control switch rises above cutoff and the 
switch is conditioned to conduct, subject to the 
pulses applied to the suppressor. The grid of any 
one switch remains conditioned throughout a com¬ 
plete column shift cycle, i.e., 10 primary cycles. 
However, the suppressor will rise above cutoff only 
once (at 12) during each primary cycle, conse¬ 
quently the multiplier position in operation re¬ 
ceives only one pulse per primary cycle. 
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The suppressors of all the multiply control 
switches are tied together to the voltage divider 
shown under switch C3 (Section 32A). This 
voltage divider consists of equal resistors between 
the —100 volt line and ground; consequently, all 
suppressors are normally at -30 volts which is well 
below cutoff for this element. All suppressors re¬ 
ceive a —f— 12 pulse through the .02mfd coupling 
capacitor, which transmits pulses from the multi¬ 
plier advancing power tube A36. Each time A3 6 
produces a positive pulse, all suppressors rise above 
cutoff. However, only the switch conditioned for 
operation during the given column shift cycle can 
conduct. This switch will then conduct for a 
brief instant at 12 and produce a -100 volt nega¬ 
tive pulse at its anode. Since triggers are operated 
on —30 volt pulses, the output to the multiplier 
counter is taken from the midpoint of the load re¬ 
sistor for the multiplier input switch. From this 
it is evident that one position of the multiplier 
counter will advance 1 at 12 of each primary cycle, 
the particular position being determined by the 
column shift cycle. 


The purpose of the 100 mmfd capacitor across 
the .36 megohm resistor in the grid circuit of the 
Cl8 tube shown in Figure 110 is to permit in¬ 
stantaneous changes at the grid by counteracting 
the effects of interelectrode capacitances. The 4700 
ohm resistors in the suppressor circuit prevent 
parasitic oscillations. 

The multiplier counter, which receives its entry 
pulses from the C chassis, consists of six standard 
electronic counter positions on chassis E, F, and G. 
The multiplier counter chassis are identical to the 
counters previously described. It might be men¬ 
tioned that no provision is made for carry in the 
multiplier counter because there is no need for 
carrying in this counter or the multiplicand 
counter. 

Figure 111 shows a block diagram of the multi¬ 
plier advancing circuits, indicating all tubes in¬ 
volved as well as the operations. The section to 
the right shows how the multiplier output control 
determines the number of times the multiplicand 
receives rolling pulses. This operation is discussed 
in detail in the following paragraphs. 
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Figure 111. Block Diagram oi Multiplier Advancing Circuits 
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Ten-Pulse Control 

Up to the time the multiplier carries, no other 
operation takes place. When a carry occurs, it is 
a signal to start rolling the multiplicand counter. 
Before discussing the multiplicand read-out, it is 
necessary to establish the 10-pulse control circuit 
together with its associated circuits. Since several 
of these circuits are interconnected, they will all 
be discussed at this point. 

First, consider the A33 switch tube (Section 
24A) which produces negative pulses at 10 and 
14 to turn trigger B3 (Section 27B) on and off. 
The status of B3 trigger is indicated by indicator 
light 5 on the socket B7. The circuits for A3 3 
and B3 are shown in Figure 112. 

Switch A3 3 can conduct only when both the 
grid and suppressor are above cutoff. The grid of 
A3 3 is normally at about -3 5 volts and will rise 
above cutoff when it receives a positive pulse from 
tube A27i of trigger A27, the second stage of the 
primary timer. This positive pulse will come every 
time A27 goes on, i.e., at 2, 6, 10, and 14 of each 
primary cycle. However, the tube cannot conduct 
unless the suppressor also rises above cutoff. The 
suppressor is directly coupled to the anode of tube 
A34i, which is a follower for the off side of trig¬ 
ger A29, the fourth stage of the primary timer. 
As long as A29 is off, A34i is conducting, and its 
anode potential is low (approximately +50 volts). 
As long at A34i conducts, then the suppressor of 
A3 3 is at approximately -50 volts which is below 
cutoff for this element. When A29 goes on, A34i 
stops conducting, and its anode potential rises to 
approximately +150 volts. The suppressor A33 
is then above cutoff, and conduction occurs 
through A3 3 subject to the pulses applied to the 
grid. Since the suppressor will be conditioned to 
conduct by A34i from 8 through 0, of the four 
pulses received by the grid, only two can cause 
conduction, those at 10 and at 14. 

When A3 3 conducts at 10 and at 14, it pro¬ 
duces negative pulses at its anode. These negative 
pulses are fed to both sides of trigger B3 from the 


midpoint of the A33 load resistor. The —10 pulse 
turns B3 on, which is initially off by cancelling. 
The —14 pulse again turns B3 off. Therefore B3 
goes on at 10 and off at 14 of each primary cycle. 

Trigger B3 through its followers B9i and B9» 
controls several circuits among which is the 10- 
pulse control. Follower B9i follows the on side of 
trigger B3 and thus produces a -10 pulse and +14 
pulse. The purpose of these pulses will be explained 
later. Follower B9a follows the off side of B3; 
consequently, it is conducting at all times except 
from 10 through 14. From 10 through 14 the 
anode potential of B9a is high to condition certain 
switches. At 14 the negative pulse produced at the 
midpoint of the B92 load resistor is passed on to the 
secondary timer to advance it 1 for each primary 
cycle. 

One of the switches conditioned by B9* is B10, 
as shown on the B chassis diagram (Section 2 8B) 
and in Figure 113. In other words, B10 is recep¬ 
tive to pulses applied to its suppressor from 10 
through 14. A constant stream of B pulses is ap¬ 
plied to the suppressor of B10, and remembering 
that B pulses are negative at index points and posi¬ 
tive at mid-index points, it is obvious that B10 will 
conduct on every positive B pulse from 10 through 
14, or at 10.5, 11.5, 12.5, and 13.5, as shown on 
the timing chart in Figure 113. Before discussing 
the purpose of these pulses, examine B4 switch 
(Figure 113) which works with B10 switch to 
control B16 trigger. B4 also receives a constant 
stream of B pulses at its suppressor, but its grid is 
conditioned by A34-, which is a follower for the 
on side of trigger A29 (the fourth stage of the 
primary timer). The anode of A342 is at high po¬ 
tential as long as A29 is off, i.e., from 0 through 
8; hence B4 switch is conditioned to conduct from 
0 through 8 and will conduct on the positive shifts 
of the B pulses at 0.5, 1.5, etc., through 7.5, as in¬ 
dicated on the timing chart in Figure 113. At 
each of these points a negative pulse is produced 
at the anode of B4. This pulse is taken from a tap 
on the load resistor of B4 and fed to the off side 
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Figure 114. Multiplier Output Circuit 


of trigger B16 which is initially off by cancelling. 
The first of the series of pulses at 0.5 will turn B16 
on and the others will have no effect until Bl6 is 
again turned off. Since B16 does not turn off 
before 8, only the 0.5 pulse is used, and it turns 
B16 on. 

Now observe that the on side of B16 is coupled 
to the output of switch BlO which was just dis¬ 
cussed. It has been shown that BlO produces 
negative pulses at 10.5, 11.5, 12.5, and 13.5. The 
first of these pulses, -10.5, will turn B16 off, and 
the others will have no effect. It has been deter¬ 
mined then that B16 turns on at 0.5 of each pri¬ 
mary cycle and turns off at 10.5 of each primary 
cycle, thus providing the timing control for pro¬ 
ducing 10 adding pulses each primary cycle. 

Multiplicand Counter Rolling Control 

It has been shown that B16 provides a means of 
producing 10 pulses for rolling the multiplicand, 
but it must be remembered that these 10 pulses 
cannot be fed to the multiplicand counter every 
primary cycle, but only on those primary cycles 
following a carry-over in the multiplier position 
determined by tJye column shift control. Conse¬ 
quently, it is evident that some means must be 
provided to signal when this is to happen. 


Figure 114 shows the circuits for multiplier 
read-out control using the first position of the 
multiplier counter. As noted in Figure 114 the 
multiplicand rolling control trigger, B17, is in 
the B chassis and is located in Section 28B of the 
wiring diagram. Indicator light 3 in socket B7 
indicates the status of this trigger. The multiplier 
output inverters are in the H chassis which con¬ 
sists of three 12SN7’s. One triode section of each 
tube in the H chassis is used for each position of 
the multiplier counter. 

Observe that no load resistors are shown in the 
H chassis circuit diagram (Section 41). All six 
triode inverters use the same load resistor, which 
is shown to the right of B17 trigger in the B chas¬ 
sis diagram. This common load resistor is permis¬ 
sible, because only one multiplier position can be 
active at any one time; hence only one tube in the 
H chassis can use the load resistor at any one time. 
The common load resistor also permits all six mul¬ 
tiplier output inverters to control the same trigger. 

Referring now to Figure 114, note that only the 
last stage trigger of the multiplier counter position 
1 is shown. Observe also that the grid of Hli is 
at approximately -3 5 volts, as determined by the 
voltage divider between the —100 volt line and 
ground. This means that Hli is normally cut off, 
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and its anode is at high potential. When the mul¬ 
tiplier counter position being advanced goes from 
9 to 0, trigger E4 goes off and a positive pulse 
appears at the anode of tube E4 2 . This positive 
pulse is transmitted through the 100 mmfd 
coupling capacitor to the grid of Hli, momen¬ 
tarily driving it above cutoff and causing Hli to 
conduct. When Hli conducts, a —100 volt nega¬ 
tive pulse is produced at its anode. From the mid¬ 
point of the load resistor of Hli a -50 volt nega¬ 
tive pulse is fed to the off side of trigger Bl7, 
which is initially cancelled off. This negative 
pulse turns Bl7 on, and the follower tube Bill 
is in turn cut off. B17 remains in the ON status 
until turned off at 14 of the last primary cycle 
in the given column shift cycle. B17 is turned 
off by a negative pulse produced at the anode of 
tube B23 i, which is the off side of the last stage 
of the secondary timer. The negative pulse at the 
anode of B23i appears when the secondary timer 
advances from 9 to 0, signalling a column shift. 

From the foregoing description, it may be seen 
that B17 turns on at 12 of the primary cycle dur¬ 
ing which the active multiplier position advances 
from 9 to 0, and B17 stays on until the end of that 
column shift cycle. B17, then, determines the 
number of primary cycles during which 10 rolling 
pulses are applied to all positions of the multipli¬ 
cand counter. Follower tube Bill for B17 trigger 
and follower tube B11 u for B16 trigger work to¬ 
gether as blocking tubes to control the 10-pulse 
control switch B5, as shown in Figure 115 and in 
Section 28A of the circuit diagram. Bll 2 is at 
high potential from 0.5 through 10.5 of every pri¬ 
mary cycle , since it follows the off side of B16 
trigger, the 10-pulse control trigger. However, 
Bill does not permit Bll 2 to be effective until 
after trigger B17 turns on, indicating that the 
multiplicand must start receiving rolling pulses. 
Then, during every primary cycle after B17 turns 
on, the anode potential of both Bll 2 and Bill is 
high from 0.5 through 10.5, and the grid of B5 
switch is conditioned to conduct accordingly. Ob¬ 


serve that the grid of B5 is at approximately —50 
volts as long as either Blla or Bill is conducting. 
When both Bll 2 and Bill are cut off, the grid of 
B5 rises well above cutoff and B5 is conditioned 
to conduct subject to the positive pulses applied to 
the suppressor. 

The suppressor of B5 is normally at -50 volts 
as determined by the voltage divider between 
ground and -100 volts. The suppressor B5 is 
coupled by means of a 250 mmfd capacitor to the 
anode of A16, where A pulses are produced; hence 
the suppressor of B5 receives a constant stream of 
A pulses at its suppressor, and B5 will conduct on 
every positive shift of the A pulses from 0.5 
through 10.5. As indicated on the timing chart 
in Figure 115, B5 will produce 10 negative B 
pulses at its anode during each primary cycle that 
it is active. These negative pulses at 1, 2, 3, etc. 
through 10 are fed by way of a 5 0 mmfd coupling 
capacitor to the grid of the 2 5L6 power tube, B6. 
The grid of B6 is tied to +150 volts through a .47 
megohm resistor and consequently B6 is normally 
conductive. Each time B5 conducts, a negative 
pulse is passed to the grid of B6, cutting off B6 
momentarily and producing a positive pulse at the 
anode of B6. Thus, 10 positive A pulses are pro¬ 
duced at the anode of B6 during each primary 
cycle that Bl7 is turned on. These are the 10 
pulses used to roll the multiplicand counter. 

From the section on Read-In Circuits it will be 
remembered that the D chassis contains the in¬ 
verters controlling the read-in of the 10 rolling 
pulses. There is one inverter for each position of 
the multiplicand counter, and each consists of one 
triode section; therefore only three 12SN7’s are re¬ 
quired. These are D5, Dll, and D14. The in¬ 
verter grids are normally at -3 5 volts, and each 
time a positive A pulse from B6 is fed to the grids 
of the six inverters through the 2 50 mmfd coup¬ 
ling capacitor, all six inverters conduct and pro¬ 
duce negative pulses at their anodes. These negative 
pulses are taken from the midpoint of the inverter 
load resistors and passed to the six positions of the 
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Figure 115. Ten-Pulse Control Switch and Power Tubes 
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Figure 116 . Multiplicand Output to Product 


multiplicand counter. Thus, each position of the 
multiplicand counter receives 10 rolling pulses 
during each primary cycle that trigger Bl7 is on. 

Power tube B12 operates exactly as does B6 ex¬ 
cept that it inverts negative A pulses to positive 
B pulses to feed the column shift control power 
tubes. The column shift control will be discussed 
in succeeding sections. B12 is shown at 27A of 
the wiring diagram. 

Multiplicand Read-Out 

The number of entry pulses required to advance 
a counter position to zero is the ten’s complement 


of the number standing in the counter, When the 
multiplicand is transferred to the product counter, 
entry pulses to the product counter start at half 
a cycle point after the multiplicand position being 
read out arrives at zero, and terminates at 10 of 
the cycle. For instance, if a multiplicand counter 
position contains a 2, the eighth entry pulse applied 
to this position (at 8 of the cycle) advances it to 
0. This enables 2 entry pulses to be applied to the 
product counter, one pulse at 8.5 and another at 
9.5 of the adding cycle. Similarly, a 3 standing in 
the multiplicand enables the product counter to 
receive 3 pulses, at 7.5, 8.5, and 9.5. This is shown 











ELECTRICAL PRINCIPLES 


125 


To Anode B-2 



in Figure 116 which is a block diagram of the mul¬ 
tiplicand read-out operations. Remember that 
positive A pulses are fed to the multiplicand input 
inverters, which in turn invert them to negative 
B pulses to operate the multiplicand counter trig¬ 
gers. This means that the multiplicand carry-over 
occurs at index points of the primary cycle. How¬ 
ever, the pulses fed to the product counter by the 
column shift control switches are negative A pulses 
coming at mid-index points of the primary cycle. 
This arrangement permits the multiplicand read¬ 
out triggers to turn on and condition the column 
shift switches one-half cycle point before any 
pulses are passed by the switches. 

Figure 117 shows the multiplicand read-out cir¬ 
cuit for the first position of the multiplicand 
counter. Only the last stage of the counter posi¬ 
tion is shown. When the first position of the mul¬ 
tiplicand counter advances from 9 to 0, trigger 14 
goes off, and a negative pulse appears at the anode 
of tube I4i. A -50 volt pulse at the midpoint of 
the load resistor for I4i is passed on to the off 
side of trigger L2, turning it on. When L2 goes 
on, tube L2i cuts off, and follower tube L4i does 
likewise. As long as L4i is cut off, its anode is at 
high potential, and the midpoint of the voltage 
divider in parallel with the load resistor L4i is at 
approximately +2 5 volts. This midpoint is con¬ 
nected to the grids of all the column shift switch 
tubes for the first position of the multiplicand. 


Thus, the column shift switches are permitted to 
conduct when L2 trigger goes on. It might be 
noted that on the main wiring diagram the .51 
megohm resistors are shown in the L chassis circuit, 
while the .47 megohm resistors are shown on the O 
chassis circuit. This arrangement permits the grids 
of the 6SK7 switches in the O chassis to be tied 
down below cutoff in case jumper wires between 
chassis are removed. 

At a given point in the cycle all adding in the 
product counter must be stopped, so that only the 
correct number of pulses enter the product counter. 
The adding is stopped by turning the multiplicand 
read-out triggers off at 10. As shown in Figure 
117, a +10 pulse is fed through the .02 mfd 
coupling capacitor to the grid of L4", which is nor¬ 
mally cut off. The +10 pulse causes momentary 
conduction through L4-2. Observe that the anode 
of L4s is tied to the anode tube 1 of trigger L2, 
indicating that L42 uses the same load resistor as 
the L2x tube. When L4a conducts, the potential at 
its anode drops, and the potential at the anode of 
tube L2i also drops. This causes L 22 'to stop con¬ 
ducting and triggering results. Therefore, causing 
L42 to conduct will turn L2 off, if it happens to 
be on. 

In addition to turning L2 off at 10, L4i serves 
as a blocking tube to prevent L2 from turning on 
when a 0 is transferred. When a 0 is transferred, 
no pulses should get to the product counter; con- 
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Figure 118. Block Diagram of MC Rolling and Output Circuits 
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sequently, trigger L2 should not turn on. With 
a 0 in the first position of the multiplicand, the 
multiplicand counter position will signal a carry at 
10 of the cycle. This would normally turn L2 ON. 
At 10, however, L4 is conducting because of the 
+ 10 stop pulse. This means that L2 is blocked 
from turning on, since the potential at the anode 
of the tube L2i cannot rise as long as 1+2 is con¬ 
ducting. 

The +10 pulse mentioned is produced by tube 
B2 in the B chassis (Section 27A). It will be re¬ 
membered from the discussion of trigger B3, that 
follower B9i follows the on side of trigger B3, 
which is ON from 10 through 14. Consequently, 
B9i will produce a negative pulse at 10 and a posi¬ 
tive pulse at 14. The -10 pulse is passed to the 
grid of B2 via a 50 mmfd coupling capacitor. B2 
is normally conducting, since its grid is tied to 


+ 150 volts through a .47 megohm resistor. The 
-10 pulse from B9i momentarily cuts B2 off, and 
its anode potential rises abruptly from about +50 
volts to +150 volts. This positive pulse at 10 is 
passed to the L chassis to turn all the multiplicand 
read-out triggers off. 

Figure 118 is a block diagram showing tube ar¬ 
rangement and operation of multiplicand rolling 
and output circuits. This diagram should be studied 
in conjunction with the block diagram in Figure 
111 . 

Column Shift Switches 

When the multiplicand factors are transferred 
to the product counter, they must be entered in 
different positions of the product counter during 
each column shift cycle. Since the sixth position 
of the multiplier counter is active first, the multi- 
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plicand counter positions 1 through 6 must be con¬ 
nected with product counter positions 6 through 
11. The 12 th position of the product counter is 
used to accumulate carry-overs only. During the 
2nd column shift cycle, the multiplicand connects 
to product counter positions 5 through 10, etc. 
Figure 119 shows the successive connections 
through the six column shift cycles. The problem 
is to provide a means of accomplishing this suc¬ 
cessive shifting of the connections between the 
multiplicand counter and the product counter. 

A schematic of the column shift switches using 
relays instead of tubes is shown in Figure 120. This 
schematic illustrates how connections are trans¬ 
ferred on successive column shift cycles. One re¬ 
lay is shown for each tube. The contact directly 
above the relay coil is operated by the relay. The 
relays are labelled the same as the tubes to permit 
a closer analogy between the schematic and the 
actual circuits for the column shift switches in the 
O chassis. 

Observe that the relay points in each vertical 
row are tied together on one side. Each vertical 
row successively receives a train of 10 pulses each 
primary cycle during which addition is to occur, 
but only during one column shift cycle. Conse¬ 
quently pulses can only be recognized by one ver¬ 
tical row at the time. 

Each horizontal row of relays is associated with 
one position of the multiplicand counter. When 
the corresponding position of the multiplicand 
counter carries, all relays associated with that posi¬ 
tion pick up and hold until the end of the adding 
cycle. This permits all pulses between carry time 
and 10 to pass to the product counter in the 
position determined by the column shift. If there 
is a 7 in the multiplicand counter position 1, then 
multiplicand carry occurs at 3, and 7 pulses enter 
the product counter. 

When the first position of the multiplicand car¬ 
ries, relays 0-1 through 0-6 pick up. However, 
pulses can pass through only one contact, depend¬ 
ing upon the column shift cycle. The contacts 


0-1 through 0-6 are connected with product 
counter positions 1 through 6, indicating that the 
first position of the multiplicand can be connected 
to product counter position 1 through 6. This 
corresponds to the connections shown in Figure 
119. Similarly, the second position of the multi¬ 
plicand can be connected to product counter posi¬ 
tions 2 through 7 by means of relay points 0-8 
through 0-13, etc. 

In practice each relay represented in the sche¬ 
matic of Figure 120 is actually a 6SK.7 pentode 
switch tube. The relay coils picked up by the 
multiplicand carry are representative of the grids 
of the switch tubes, and the relay contacts them¬ 
selves are representative of the suppressors. The 
actual connections to the product counter entry 
are made at the anodes of the switch tubes. This 
is evident on examination of the O chassis circuit 
diagram. Ignoring for the moment tubes 0-14, 
0-21, 0-28, 0-3 3, and 0-42, shown to the right in 
the O chassis circuit diagram, it will be seen that 
the layout of the O chassis is essentially as shown 
by the schematic drawing. Each horizontal row 
of switch tubes is conditioned to conduct by one 
position of the multiplicand output trigger fol¬ 
lower. Each vertical row of tubes receives pulses 
at the suppressors from the column shift control 
chassis. 

Each horizontal row of grids is controlled by 
one of the multiplicand trigger followers as ex¬ 
plained under Multiplicand Read-Out. Observe 
that all the grids in one row are tied together and 
that one .47 megohm resistor ties the entire group 
down to the —100 volt line. It will be remembered 
from the discussion of the multiplicand read-out 
that these .47 megohm resistors in the O chassis are 
part of the voltage dividers between —100 volts and 
the anodes of the multiplicand read-out trigger 
followers. There is a 4700 ohm resistor in each 
of the individual grid circuits. As previously ex¬ 
plained, these resistors suppress parasitic oscillations 
which might easily appear with so many grids in 
parallel. 
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Observe that each vertical row of 6SK7’s has one 
voltage divider for the entire row. These voltage 
dividers are shown under the 0-1 through 0-6 
tubes, and they maintain all suppressors at -50 
volts normally. There is also a 4700 ohm resistor 
in each suppressor circuit to eliminate parasitic os¬ 
cillations. When B pulses are applied to the .02 
mfd coupling capacitors, all the suppressors in one 
entire vertical row of switches rise above cutoff on 
each positive shift of the B pulses. However, con¬ 
duction cannot occur until the grid of a switch is 
conditioned to conduct by a carry-over in the mul¬ 
tiplicand. Then each positive shift of the B pulses 
causes conduction through the switch tube. 

Since the multiplicand may contain any number 
from 0 through 9 in any of its six positions, the 
corresponding column shift switches may be con¬ 
ditioned anywhere from 1 through 10 of each pri¬ 
mary cycle. The ten B pulses fed to the suppres¬ 
sors come at 1.5 through 10.5. However, only the 
pulses from 1.5 through 9.5 can be used because 
the multiplicand read-out triggers are turned off 
at 10. The actual number of pulses that a partic¬ 
ular switch will accept depends upon the number 
standing in the multiplicand counter position 
which controls that switch. 

Observe that each diagonal row of switch tubes 
is common to one position of the product counter. 
Since only one vertical row can be in operation at 
once, only one tube in each diagonal can be con¬ 
ducting at once. This permits the use of only one 
load resistor for each diagonal row of switch tubes. 
The load resistors for the switch tubes correspond¬ 
ing to product counter positions 1 through 6, along 
with the clippers and inverters for those positions, 
are located in the N chassis. The terminals 56-61 
on the O chassis correspond to product counter 
positions 1-6 respectively. Each terminal post con¬ 
nects to the anodes of all the switch tubes asso¬ 
ciated with the corresponding product counter po¬ 
sition. Terminal post 0-56, for example, connects 
to the anode of tube O-1 only, while terminal post 


0-61 connects to the anode of tubes 0-6, 0-12, 
0-18, 0-24, 0-30, and 0-36. 

The load resistors for the switch tubes corres¬ 
ponding to product counter positions 7 through 11 
are shown at the right of the O chassis circuit. No 
switch tubes connect to the 12th position of the 
products counter as this position is reserved ex¬ 
clusively for carry-overs. It will be observed that 
the output of the column shift switches does not 
go directly to the product counter. Instead the 
output passes through a clipper and inverter be¬ 
fore entering the product counter. Because of the 
large interelectrode capacitance resulting from 
many tubes in parallel, the output from the col¬ 
umn shift switches is not a square wave. Also, the 
amplitude of the pulse output varies from one po¬ 
sition to another owing to the different number of 
tubes in parallel. In order to overcome these dif¬ 
ficulties, clippers are inserted between the column 
shift switches and the product counter to square 
the tops of the waves. Since the clipper inverts 
the pulses applied to it, an inverter tube follows 
the clipper to restore the output to its original 
phase. The inverter also clips the other half of the 
output waves from the column shift switches. 
With this arrangement, the output to the product 
counter is uniform regardless of the variations in 
the output of the column shift switches. It might 
be mentioned that the clippers would not be nec¬ 
essary if machines were laboratory models in which 
proper compensating circuits could correct the 
variations in the pulses to the product counter. 
However, in production models it is difficult to 
make these compensations, and the clippers are 
used to provide uniform input to the product 
counter. 

Figure 121 shows the clipper and inverter for 
the 8th position of the product counter. Note 
that four switch tubes are associated with the 8th 
position of the product counter and that all use 
the same .02 megohm load resistor. As long as 
any one of the switch tubes is conducting, the 
potential at the top of the .02 megohm resistor is 
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Figure 121. Clipper and Inverter between Column Shift Switches and Product Counter 


approximately +50 volts. This means that the 
grid of 0-21 2 is at -2 5 volts as long as any of the 
four switch tubes is conducting. When none of 
the four switch tubes is conducting, the potential 
at the top of the .02 megohm resistor is approxi¬ 
mately + 150 volts and the grid of 0-21 2 rises 
above cutoff. Consequently, as the negative B 
pulses appear at the load resistor, they are clipped 
and appear at the anode of 0-2 12 as positive A 
pulses, which are in turn applied to the grid of 
inverter 0-21 1 , where the process is repeated to 
produce negative B pulses at the anode of 0-2 li. 
The pulses at the anode of 0-2li are 100 volt 
pulses, whereas a counter requires only 50 volt 
pulses. Therefore, the counters are fed from the 
midpoint of the load resistors for the inverters. 

Figure 122 shows a block diagram of the column 
shift switch operation. The column shift controls 
in the M chassis are discussed in the following 
paragraphs. 

Tertiary Timer and Column Shift Control 

As has been previously mentioned in connection 
with the electronic timers, the tertiary timer con¬ 
trols the column shift. Each time the secondary 


timer goes from 9 to 0, a negative pulse is passed 
to the tertiary timer to advance it 1. The tertiary 
timer is a conventional 3-stage binary counter, 
consequently it will count to 8 and then return 
to 0. Actually computation stops after the end of 
the 6th column shift cycle, so the tertiary timer is 
at 7 when the computation is finished. The ter¬ 
tiary timer is cancelled to 1, so that by observing 
the indicator lights the column shift position can 
be determined. 

The circuits for the tertiary timer and all the 
column shift controls are shown on the two sec¬ 
tions of the M chassis. Section 1 of the M chassis 
circuit shows the tertiary timer, its followers, and 
the interpolating tubes. Section 2 shows the col¬ 
umn shift control power tubes and the switches 
and power tubes for producing the pulses to feed 
to the column shift switches. 

The three triggers comprising the 3-stage ter¬ 
tiary timer are M5, M3, and M2. The indicator 
lights in socket M7 indicate the status of the ter¬ 
tiary timer. Note that the input wire from the 
secondary timer to the M5 trigger is shielded to 
prevent undesired cable coupling to the grids of 
M5 trigger. The two triode sections of M6 serve 
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as followers for trigger M5, the first stage of the 
tertiary timer. M3, the second stage of the ter¬ 
tiary timer, uses the two sections of M4 as follow¬ 
ers, while the two sections of Ml serve as followers 
for the third stage trigger M 2 . The trigger stages 
are mounted in reverse order to simplify wiring. 

The triggers M 2 , M3 and M5 are slow-speed 
triggers because the frequency of pulses to these 
triggers is quite low even when computing at 
3 5,000 kc frequency of the multivibrator. The 
slow-speed trigger gives more stable operation at 
the frequency at which the tertiary timer operates. 

Observe that each trigger in the tertiary timer 
has two followers, one for the ON side and one for 
the off side. This is done to prevent loading the 
triggers. Each follower has a voltage divider be¬ 
tween its anode and the —100 volt line. The mid¬ 
point of these voltage dividers is at -2 5 volts as 
long as the corresponding follower is conducting, 
and at -f-25 volts as long as the corresponding fol¬ 
lower is non-conducting. The midpoint of each 
voltage divider is connected to the associated grids 
of the interpolating tubes. By this means, the 
interpolating tubes determine which trigger (or 
triggers) in the tertiary timer is on and thereby 
establish the column shift position. 

The tertiary timer is cancelled to 1 , so as to 
indicate the column shift cycle in which the ma¬ 
chine is operating. Since the tertiary timer oper¬ 
ates as a binary counter, the following conditions 
will exist during successive column shift cycles: 



ON 

OFF 


CODE 

1st column shift 

M5 

M2, 

M3 

1 

2nd column shift 

M3 

M5, 

M2 

2 

3rd column shift 

M5, M3 

M2 


1, 2 

4th column shift 

M2 

M5, 

M3 

4 

5th column shift 

M5, M2 

M3 


1, 4 

6th column shift 

M3, M2 

M5 


2, 4 

The followers for the triggers 

will follow their 

respective tubes; the conditions 

existing at the 

midpoints of the voltage dividers connected to the 

followers is as follows: 





M-6 2 M-61 M- 4 i 

: M-4 

1 M-i 2 

M-11 


CM -5 (M ~-5 (M -3 (M -3 

; (M-z 

(M-2 


ON) OFF) ON) 

off; 

) ON) 

OFF) 

1st column shift 

— 4-4- 

— 

+ 

— 

2nd column shift 


+ 

+ 

— 

3rd column shift 

— 4- — 

4- 

+ 

— 

4th column shift 

4- — 4- 


— 

4- 

5th column shift 

— 4 - 4 - 

— 

— 

4- 

6th column shift 

4- — — 

+ 

— 

4- 


The triode sections M 21 i through Ml 6 i (Sec¬ 
tion 52 of wiring diagram) signal the column shift 
cycle in which the machine is operating. M21i 
conducts during the first column shift cycle, M20v 
during the second, M19i during the third, etc. 
Observe that the grids of triodes M21i through 
Ml 6 i are each connected to a voltage divider be¬ 
tween the -100 volt line and the anodes of the three' 
corresponding interpolating tubes. M 21 i for ex¬ 
ample, can conduct only if Ml4i, MHz, and M 21 2 
are all cut off. M14> is controlled by M 62 ; M14i 
is controlled by M4,; M21 2 is controlled by Mli. 
By examining the table in the preceding paragraph 
it will be seen that all three of the interpolating 
tubes controlling M 21 , are cut off during the first 
column shift cycle; hence, M 21 i conducts during 
the first column shift cycle. By examining the 
above table and observing the grid connections of 
the other interpolating tubes, it will be found that 
M 20 i conducts during the second column shift 
cycle, M19i during the third column shift, Ml 81 
during the fourth, etc. 

The table below shows the tubes conducting 
during the successive column shift cycles: 



Tertiary 

Timer 

Followers 

Interpolating Tubes 

Column 

Shift 

Control 

1st CS 

M5, 

M6 2 

M13,; Ml8 2 ; M9, 

M21, 


M3, 

M4, 

M13 2 ; M12,; M9 2 



M2, 

Ml, 

Mll 2 ; M17 2 ; M16 2 


2nd CS 

M5, 

M6, 

M14 2 ; M12 2 ; M10 2 

M20, 


M3_> 

M4 2 

M14,; Mil,; M10, 



M2, 

Ml, 

Mil,; M17 2 ; M16, 


3rd CS 

M5 2 

M6 2 

M13,; M18 2 ; M9, 

M19 t ; 


M3, 

M4 2 

M14,; Mil,; M10, 



M2, 

Ml, 

Mll 2 ; M17 2 ; M16 2 


4th CS 

M5, 

M6, 

M14 2 ; M12 2 ; M10 2 

Ml 8,: 


M3, 

M4, 

M13 2 ; M12,; M9 2 



M2 2 

Ml 2 

M21 2 ; M20,; M19 2 


5th CS 

M5 2 

M6 2 

M13,; M18 2 ; M9, 

M17, 


M3, 

M4, 

M13 2 ; M12,; M9 2 



M2 2 

Ml 2 

M21 2 ; M20 2 ; M19 2 


6th CS 

M5, 

M6, 

M14 2 ; M12 2 ; M10, 

M16i 


M3 2 

M4 2 

M14,; Mil,; M10, 



M2 2 

mi 2 

M21 2 ; M20 2 ; M19 2 
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Triodes M21i through Ml6i in turn control six 
25L6 power tubes, M28 through M23 (Section 
5 3). Obviously, the operation of the power tubes 
will be in reverse to that of the triodes, that is, 
M2 8 is non-conducting when M21i is conducting. 
The grid of M2 8 is at the midpoint of a voltage 
divider between -100 volts and the anode of M21i 
so that when M2U is conducting, the grid of M2 8 
is at -2 5 volts, M2 8 is cut off, and the potential 
at its anode rises to +150 volts. 

The power tubes M2 8 through M2 3 control the 
multiplying control switch tubes in the C chassis 
(C3, C 6, C9, C12, Cl5, Cl8) as well as the switch 
tubes M35 through M30 (Section 54) which pro¬ 
vide the 10 pulses to the corresponding row of 
column shift switches. Two voltage dividers are 
connected to the anode of M2 8, one to control the 
grid of Cl 8 switch and one to control the sup¬ 
pressor of M3 5 switch. The ones controlling the 
multiplying control switches' are shown in the C 
chassis. During the 1st column shift cycle M2 8 is 
cut off and the potential at its anode is +150 volts. 
This permits the suppressors of both Cl8 and M35 
to rise above cutoff and to accept whatever pulses 
are applied to their grids. Cl 8 accepts the + 
pulses at 12 of each primary cycle to advance the 
6th multiplier counter position, while M3 5 accepts 
the 10 B pulses fed to its grid through the .02 mfd 
coupling capacitor at post Ml2. The 10 B pulses 
are produced by tube B12 in the B chassis. These 
10 B pulses produce 10 A pulses of 100 volts ampli¬ 
tude at the anode of switch tube M3 5 and are fed 
to the grid of power tube M42 through a 2 50 
mmfd coupling capacitor. M42 is normally con¬ 
ductive since its grid is tied to the midpoint of a 
voltage divider between +150 and -100 volts. 
Each of the negative shifts at the anode of M3 5 
cuts off M42 and produces a positive shift in volt¬ 
age at the anode of M42. Thus the 10 A pulses 
at the grid of M42 are reproduced as 10 B pulses 
at the anode. These 10 B pulses at 100 volts am¬ 
plitude from M42 are passed on to the suppressors 
of all the column shift switch tubes (O chassis) 


which are associated with the 1st column shift. 

In the same manner described above, M41 power 
tube produces 10 B pulses to pass on to column 
shift switches during the second column shift 
cycle; M40 does the same during the third column 
shift, etc. Also, in a manner already described, 
power tubes M27 through M2 3 successively condi¬ 
tion the multiply control switches, Cl5, Cl2, C9, 
C6, and C3 to permit successive positions of the 
multiplier counter to become active. As will be 
explained later, the M2 3 power tube also controls 
the half-entry circuits and provides the compute 
stop impulse. 

Figure 12 3 is a block diagram of all the column 
shift controls showing a timing chart of the opera¬ 
tions. A careful study of this diagram will assist 
in understanding the column shift operations. 
Note: The voltage divider for establishing the 
normal grid bias for tubes M3 5 through M30 is 
shown connected directly to the grid of M3 5. 
This divider should be connected on the com¬ 
mon bus on the other side of the .0047 megohm 
grid resistor. Some machines were erroneously 
wired as shown on the wiring diagram and 
should be corrected in the field. 

Carry Control and Carry Circuits 

Since the multiplicand factor must be added 
over and over in the product counter, it is neces¬ 
sary to provide a means for carrying from one po¬ 
sition to the next higher order. To keep the 
counter chassis standard and thus permit the same 
chassis to be used in all counter positions, the carry 
circuits are not incorporated in the same chassis as 
the counter. The W and X chassis contain the 
carry triggers and carry switches. Only the first 
two rows of tubes in these chassis are used. The 
rest of the positions contain indicator sockets, 
blanks, or spare tubes. The tubes in the first verti¬ 
cal row of the W and X chassis are the carry trig¬ 
gers, while the second row contains the carry 
switches. The indicator socket in W13 indicates 
the status of the carry triggers 1 through 6, while 




Figure 123. Block Diagram of Tertiary Timer and Column Shift Controls 
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indicator X3 shows the status of triggers 7 through 
12 . Since there is no carry back from the 12 th 
position to the 1 st position, the 12 carry trigger is 
not necessary for carrying. However, the carry 
triggers are used in reading out and therefore the 
12 carry trigger must be provided for this purpose. 

The basic operation of carrying was discussed 
in connection with counters. Figure 92 shows the 
carry operation in block diagram form. It must 
be remembered that a carry may occur anywhere 
during the adding portion of a cycle. Conse¬ 
quently, all carry operations must be delayed until 
all adding is complete. Adding is not complete un¬ 
til 10 of the primary cycle, therefore carrying must 
be delayed beyond this point. Actually, carry 
occurs at 10.5 of each primary cycle. 

When any position of the product counter passes 
from 9 to 0, a —50 volt pulse at the output of the 
product counter turns the corresponding carry 
trigger ON, which in turn conditions the grid of 
the corresponding carry switch. However, nothing 
further happens until 10.5 of the primary cycle 
when the carry control causes a rise in potential at 
the suppressors of all carry switches. Then, any 
of the carry switches which have previously been 
conditioned will conduct and provide a negative 
pulse to pass on the next higher order counter po¬ 
sition. 

If a counter position stands at 9 when it receives 
a carry, the carry pulse from the previous position 
causes this position to advance to 0 , thereby turn¬ 
ing its carry trigger on and conditioning its carry 
switch. Since the suppressors of all carry switches 
are above cutoff at carry time, when the grid of any 
carry switch rises above cutoff, the carry switch 
will conduct and pass a negative pulse to the next 
higher order counter position. With 12 counter 
positions, it is possible to have 11 such operations 
in succession. For example, if the counter contains 
999999999994, and 6 is added, only one counter 
position goes from 9 to 0, yet it is necessary to add 
1 to all positions except the units. The first carry 
trigger will be the only one turned on at carry 


time; therefore, at 10.5 a carry pulse passes to the 
2 nd position, advancing it to 0 and turning on 
the 2 nd carry trigger, which in turn causes the 2 nd 
carry switch to pass a carry pulse to the third po¬ 
sition, advancing it to 0 , etc. This continues 
through the 12 th position. Obviously, sufficient 
time must be provided to complete this operation 
through 12 positions. To allow plenty of time for 
all carry operations to be completed, the carry con¬ 
trol keeps the suppressors of all the carry switches 
above cutoff until 14. Since 14 is the end of a 
primary cycle, all carry triggers must also be 
turned off at this point in preparation for a new 
adding cycle. 

The carry control circuits and the carry circuits 
for one position are shown in Figure 124. It will 
be observed that the carry control circuits are in 
the B chassis. B15 switch and B14 power tube 
provide the carry control from 10.5 through 14, 
while the B 8 power tube provides a —14 pulse to 
turn all carry triggers off. 

The off side of the carry trigger receives a -50 
volt pulse from the carry output of the corre¬ 
sponding product counter position. This negative 
pulse turns the carry trigger on. In Figure 124 
the carry trigger is trigger W 1 . Since the grid of 
switch W 2 is connected to the grid of tube WI 2 , 
switch W 2 follows WI 2 in potential. That is, W 2 
is conditioned to conduct as long as Wl is on. 
However, nothing further happens until the sup¬ 
pressor of W 2 rises above cutoff. During the add¬ 
ing portion of each primary cycle, the suppressor 
of W 2 is below cutoff since it is connected to a 
voltage divider between —2 50 volts and the anode 
of power tube Bl4 which is conducting during the 
adding portion of each cycle. B14 is controlled 
by switch tube B15, which is cut off during the 
adding portion of each primary cycle. Bl 5 is con¬ 
trolled by the on side of trigger B16 and by triode 
B9i which follows the off side of trigger B3. The 
grid of B15 is tied to the grid of tube BI 61 (off 
side of trigger Bl 6 ), therefore Bl5 can conduct 
only when Bl 6 is off (from 10.5 through 0.5). 
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Figure 124. Carry and Carry Control Circuit 


The suppressor of B15 is connected to a voltage 
divider between —2 50 volts and the anode of B92. 
As long as B9a is conducting, Bl5 is cut off. B15 
can conduct only if B92 is cut off. Since B9 2 fol¬ 
lows the off side of trigger B3, B92 conducts as 
long as B3 is off, and is cut off as long as B3 is on. 
Consequently B9 2 is cut off from 10 through 14. 
Since both the grid and suppressor of a switch must 
be above cutoff to conduct, B15 can conduct only 
from 10.5 through 14, and the anode potential of 
B15 is low from 10.5 through 14. Therefore B14 
power tube is cut off from 10.5 through 14, and its 
anode potential is high from 10.5 through 14. 
Since the anode of B14 is connected to the top of a 
voltage divider controlling the suppressors of all 


carry switches, the suppressors of all carry switches 
are above cutoff from 10.5 through 14. 

At 14, all carry triggers must be turned off in 
preparation for a new adding cycle. The negative 
pulse at 14 is produced by B8 power tube. B8 is 
normally cut off since its grid is at approximately 
—3 5 volts. The grid of B8 is capacity coupled 
through a 100 mmfd capacitor to B9i triode. B9i 
follows the on side of trigger B3; hence, it pro¬ 
duces a positive pulse at its anode whenever the 
B3 trigger goes off. This positive pulse at 14 causes 
B8 to conduct momentarily, thereby producing a 
negative pulse at its anode. Since the output from 
B8 is taken from the midpoint of the load resistor, 
the pulse produced is a —50 volt pulse. This —50 
volt pulse at 14 is fed to all the carry triggers to 
turn them OFF. 
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All the carry triggers and carry switches are 
shown on the circuit diagram for the W and X 
chassis, while the carry control circuits are shown 
in the B chassis circuit diagram. The output of 
B14 is taken from post B51, and the output of 
B8 is taken from post B50. The inputs to the off 
side of all carry triggers in the W and X chassis 
are tied together to post W42 and are pulsed at 
14 by B8. Similarly, the suppressors of all carry 
switches in the W and X chassis are tied together 
and connected to the voltage divider shown beside 
the W2 switch. The suppressors each have the con¬ 
ventional parasitic suppression resistor in their cir¬ 


cuit. The .02 mfd capacitor across the .33 meg¬ 
ohm resistor beside W2 compensates for the inter¬ 
electrode capacitance in all 12 carry switches and 
permits almost instantaneous response of all carry 
switches. 

It will be observed that the .01 megohm resistor 
shown in the anode circuit of all carry switches is 
not tied to +150 volts but connects to the input 
of a counter. Actually, the input of each product 
counter position is the midpoint of a load resistor 
for the inverter following the clipper. The carry 
switches use the lower half of the inverter load 
resistors as part of their load resistor. 


( A Chossis ) 
Holf Entry Controls 


Blocking 

Tubes 


Control 

Switch 


Trigger 



Figure 125. Block Diagram of Half-Entry Circuits 
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Half-Entry 

The half-entry circuit permits correction to the 
nearest decimal by adding 5 to the position just to 
the right of the last retained decimal position. This 
half correction can be entered only in the first six 
positions of the product counter as indicated by the 
block diagram in Figure 12 5. 

A half-entry switch is provided for each of the 
first six positions of the product counter. These 
switches are in the N chassis, and their suppressors 
are normally biased well below cutoff. Once dur¬ 
ing each computation 5 pulses are applied to the 
grids of all six half-entry switches. Of course, 
nothing happens unless the suppressor of a switch 
is brought above cutoff. This is done by wiring 
on the control panel. When a half-entry hub is 
wired to the l /z common (+40 volts), the corre¬ 
sponding switch tube is conditioned to conduct by 
bringing its suppressor above cutoff. Then when 
the 5 pulses are applied to its grid, these 5 pulses 
are passed on to the corresponding position of the 
products counter. 

An examination of the circuit diagram for N 
chassis will show that the suppressors of the half- 
entry switches (Nl, N4, N7, N10, N13, Nl6) 
are all tied to —100 volts and are at that potential 
until wired to +40 volts through the control panel 
wiring. When a half-entry switch is wired to +40 
volts through the l /z common hub, its suppressor 
rises well above cutoff. The .05 mfd capacitor be¬ 
tween the .039 megohm resistors serves to by-pass 
any transients entering through the cable from the 
punch. The 5 positive pulses for half correction 
are applied to post N42 through the .02 mfd coup¬ 
ling capacitor to the grids of all six switches. The 
grids are normally at about —3 5 volts as determined 
by the voltage divider shown under switch Nl. 
When 5 positive pulses are applied to the grids, 5 
negative pulses appear at the anodes of the switches. 
It will be seen that the half-entry switches share 
the load resistor with the corresponding column 
shift switches. This arrangement is necessary be¬ 
cause pulses from both half-entry switches and the 


column shift switches enter the clippers and from 
there pass to the product counter. The carry 
switches in turn share one of the .01 megohm re¬ 
sistors in the load circuit of the clipper as part of 
their load resistor. 

The 5 half-correction pulses are produced by 
the half-entry control circuits in the A chassis as 
indicated in the block diagram of Figure 12 5. The 
half-entry is made during the first primary cycle 
of the last column shift cycle. Remember that no 
multiplicand rolling can occur during the first pri¬ 
mary cycle of each column shift cycle, because the 
multiplier advancing pulse does not come until 12. 
Consequently this first primary cycle is reserved 
for half-entry. However, the half-entry can be 
made only once during a computation. Therefore, 
only the first primary cycle of the last column shift 
cycle is used. From the foregoing it is obvious that 
provision must be made to: 

(1) permit half-entry only during the 6th col¬ 
umn shift cycle. 

(2) permit half-entry only during the first pri¬ 
mary cycle of the 6th column shift cycle. 

(3) recognize 5 pulses only during this first 
primary cycle of the 6th column shift cycle. 

(4) produce these 5 pulses with sufficient power 
to operate the six half-entry switches. 

The first of the above requirements is met by 
blocking tubes Al4i and A20i as indicated in Fig¬ 
ure 125. Trigger A15 together with follower 
A14 2 fulfills the second requirement. The third 
requirement is met by the 5 pulse trigger A22 un¬ 
der control of switch A21, while the last require¬ 
ment is met by switch A23 and power tube A24. 
The actual circuits for the half-entry controls will 
be found in the circuit diagram for the A chassis 
(Section 26). 

It will be observed that Al4i and A14z are para¬ 
llel with the off side of the 5 pulse trigger A22. 
Therefore as long as either Al4i or A M 2 is con¬ 
ducting, A22 cannot turn ON. AM 2 is normally 
cut off, but Al4i conducts during the first five 
column shift cycles under control of A20i which 
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is cut off during the first five column shift cycles. 
The wire on post A45 connects to the anode of 
tube M2 3, and M2 3 is cut off only during the 6th 
column shift cycle. Therefore A20i can conduct 
only during the 6th column shift cycle. While 
A20i is conducting, Al4i is cut off, therefore A22 
can turn ON, beginning with the 6th column shift 
cycle. 

The off side of the trigger A22 is controlled by 
A34i which follows the off side of A29i, the last 
stage of the primary timer. A29 goes OFF at 0; 
therefore, at 0 of the first primary cycle of the 
6th column shift cycle, trigger A22 goes ON. 

The on side of trigger A22 is controlled by 
switch A21 which produces negative pulses at 5, 
7, 13, and 15. The first pulse at 5 turns A22 off 
and the others are not used. Therefore A22 goes 
on at 0 and off at 5. 

Switch A21 produces its pulses as follows: the 
suppressor of A21 is tied to the anode of the fol¬ 
lower tube A20 for the off side of trigger A28, 
the third stage of the primary timer. Hence the 
suppressor of A21 is above cutoff when A28 is on 
from 4 through 8 and from 12 through 0. The 
grid of A21 is normally cut off and is pulsed by 
A26i, the OFF side of the first stage of the primary 
timer. A26i provides a positive pulse to A21 each 
time A26 goes on at 1, 3, 5, 7, 9, 11, 13, and 15. 
Since both suppressor and grid must be above cut¬ 
off to permit conduction, A21 conducts at 5, 7, 
13, and 15 to produce negative pulses at the tap 
on its load resistor. As previously mentioned, the 
first negative pulse at 5 turns A22 off provided 
it was on. It must be remembered that A21 pro¬ 
duces its negative pulses every primary cycle, al¬ 
though they are used only during the first primary 
cycle of the 6th column shift cycle. 

It has been shown that A22 goes on at 0 and 
off at 5 of the first primary cycle of the 6th col¬ 
umn shift. When A22 goes off at 5, it produces 
a negative pulse at the off side. This negative 
pulse is passed on to trigger A15 to turn it on. 


Once A15 goes on, it cannot be turned off except 
by cancelling. When A15 goes on, follower A14 2 
conducts and blocks A22, thereby preventing it 
from turning on again. In effect, A22 blocks it¬ 
self from going on again after just one operation. 

The grid of switch A23 is connected to the on 
side of A22; therefore, A23 is receptive to pulses 
applied to its suppressor as long as A22 is on. In 
other words, A23 will pass pulses from 0 through 
5 of the first primary cycle during the last column 
shift cycle. The suppressor of A23 receives a con¬ 
stant stream of B pulses, and A23 will conduct on 
each positive shift of the B pulses from 0 through 
5 of the first primary cycle during the last column 
shift cycle. A23 then will conduct at 0.5, 1.5, 
2.5, 3.5, and 4.5, and negative pulses will be pro¬ 
duced at the anode of A23. A24 power tube is 

normally conducting; therefore, A24 is cut off at 
0.5, 1.5, 2.5, 3.5, and 4.5 of the half-correction 
cycle, and 5 positive pulses are produced at the 
anode of A24 to pass on to the half-entry switches 
in the N chassis. 

Compute Stop 

At the end of the 6th column shift cycle, com¬ 
putations must be stopped. This is accomplished 
by turning trigger A31 off. Trigger A31 is in 
Section 23A of the circuit diagram. It will be ob¬ 
served that the on side of A31 is pulsed from a tap 
on a voltage divider between +150 volts and post 
A45, which connects to the anode of tube M23. 
At the beginning of the 6th column shift cycle 
M2 3 is cut off and a positive pulse is produced at 
the voltage divider controlling A31. However, a 
positive pulse has no effect since A31 is ON. At 
the end of the 6th column shift, M23 again con¬ 
ducts, the potential on post A45 drops, a negative 
pulse is produced at the voltage divider under A31, 
and A3 1 is turned off. When A31 goes off, the 
start switch A25 is blocked and all computing is 
terminated. 
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Read-Out Circuits 

After the computation is finished, the electronic 
unit must wait until the card in which the product 
is to be punched reaches the die and stripper. Dur¬ 
ing this cycle the product is read out and punched 
in the card, and the product counter is cancelled 
shortly after 0 on the punch index. 

Read-out is almost exactly the reverse process to 
read-in. When reading into a counter, pulses are 
fed to the counter in synchronism wich card move¬ 
ment after reading the hole in the card. When 
reading out, pulses are applied to all product 
counter positions in synchronism with the card 
movement, beginning at 9 on the punch index. 
When a carry occurs, a hole is punched. 

Figure 126 shows the read-out circuits in block 
diagram form. Trigger B29 goes on and off un¬ 
der control of P-cam contacts in the punch unit. 
B 29 goes ON at index lines and OFF at mid-index 
lines. B30 power tube produces positive pulses in 
synchronism with card movement through the 
punch, beginning at 9. These positive pulses are 
applied to the grids of the 12 inverters in the N 
chassis which in turn provide negative pulses to 
feed to the 12 product counter positions. When 
any product counter position goes from 9 to 0, 
the corresponding read-out (or carry) trigger goes 
on, and the corresponding read-out inverter is cut 
off, thereby producing a positive pulse to cause the 
power tubes to conduct and energize a punch mag¬ 
net. At the mid-index points, power tube B28 
turns OFF any read-out triggers which happen to 
be on and thereby prevents the possibility of 
punching two holes in the same column. 

The actual circuit for producing the read-out 
pulses is shown in Figure 127. Trigger B29 is 
turned ON each time P7 and P8 make on the punch 
index lines, provided the relay points controlling 
the read-out circuit are closed. R1 is picked up as 
long as cards are at the die, and the points of R29 
and R19 are closed except when a rate card passes 
the die when group multiplying, or when accumu¬ 


lating products for punching in a subsequent card 
on a product summary run. 

Trigger B29 is turned off at mid-index points 
each time P5 and P6 make, therefore B29 goes on 
at each index line and off at mid-index points. 
Each time B29 goes on, a negative pulse is passed 
to B30 power tube through the 50 mmfd coupling 
capacitor. Since B30 is normally conducting, each 
time B29 goes on, B.30 momentarily stops con¬ 
ducting and produces a positive pulse at its anode. 
This positive pulse is passed to post N41 and on to 
all 12 inverters in the N chassis through the 1000 
mmfd capacitor. N2i, inverter for the first posi¬ 
tion for the product counter, is shown in Figure 
127. The inverters produce -50 volt pulses to pass 
on the product counter. The lower half of the 
load resistors for inverters in the N chassis are 
shared with the corresponding column shift 
switches. Each product counter position receives 
a rolling pulse each time B29 goes on. The .002 5 
megohm resistors shown connected between ground 
and posts B30 and B31 serve to maintain a con¬ 
tinuous current flow through the P-cam contacts. 

The read-out circuit for the first position of the 
product counter is shown in Figure 128. When 
the first position of the product counter goes from 
9 to 0 , trigger W1 goes on, and the potential at 
the anode of tube W1 2 drops. This drop in poten¬ 
tial drops the grid of Y4i below cutoff, and the 
potential at the anode of Y4i rises. In turn, the 
rise in potential at the anode of Y4i drives the 
grids of Y2 and Y3 power tubes above cutoff. The 
0.1 mfd coupling capacitor provides a sufficient 
time constant to insure that Y2 and Y3 will con¬ 
duct long enough to cause a hole to be punched. 
Two power tubes are used in parallel to furnish 
the current required by a punch magnet. 

It will be observed that the anode potential sup¬ 
ply for the read-out power tubes is not in the elec¬ 
tronic unit. The +140 volt supply furnished by 
the half-wave selenium rectifier in the punch unit 
furnishes power to energize the punch magnets 
during read-out. The anode potential is applied 
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Figure 127. Product Counter Read-out Pulses 
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Figure 128. Product Counter Read-out Circuit 


only during read-out time by Pi4 cam contact. 
The potential drop across the punch magnet is 40 
volts and across the power tubes, 100 volts. It will 
be observed that the cathodes of the power tubes 
are not at ground potential because the punch 
magnets are connected to ground. 

At the mid-index point following the turning 
on of Wl trigger, it is turned OFF by B28 power 
tube, as shown in Figure 129. Each time B29 goes 


off (at mid-index points) a positive pulse passes 
to the B28 power tube, which is normally cut off; 
B28 momentarily conducts and produces a nega¬ 
tive pulse at the midpoint of its load resistor. This 
negative pulse passes to the on side of all read-out 
triggers to turn off any that happen to be on. 
This is illustrated in the block diagram of Figure 
126. 



-100- 

Conetl 


Figure 129 . Triggering Off of Read-out Triggers at Mid-Index 
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TESTING PROCEDURE AND TROUBLE ANALYSIS 


Procedures for testing will be given only for the 
electronic computing unit and the punch circuits 
which tie the two units together. The use of a mul¬ 
tiplying test deck will aid in checking and analyz¬ 
ing the multiplying circuits. The test deck should 
be punched (wherever possible) with the multi¬ 
plier and multiplicand factors in the same card 
columns which the customer uses. The control 
panel is set up for individual multiplication, using 
the full capacity of the machine. 

Table I shows the multiplier and multiplicand 
factors together with the individual products and 
accumulated products appearing in the product 
counter. If the multiplier, multiplicand, and pro¬ 
duct are punched in each card and interpreted on 
the card, all the information will be available on 
the test deck. Then as the cards are run through 
the machine, the machine may be stopped at any 
point and the product in the counter compared 
with the amount punched in the card. (The pro¬ 
ducts counter is read from bottom to top, since 
the first counter position is at the top.) The pro¬ 
gressive totals appearing in the product counter, if 
the counter is not cleared, are also shown in the 
Table I. If desired, the product summary switch 
may be wired on, and the individual totals will ac¬ 
cumulate in the product counter. The machine 
may be stopped at any point and the total checked 
against the amount shown in the table below. The 
last card of the test deck may be X (or digit) 
punched to cause automatic clearing of the pro¬ 
duct counter after all cards have been multiplied. 
Otherwise, the product counter may be cleared 
manually by means of the product cancel push 
button. 

If the individual products are punched in the 
test deck, it is possible to test the machine with all 
covers on. By wiring the machine for double 
punch detection and re-punching the product in 


Multiplier 

111111 
mi ll 
lllill 
lilill 

min 
HUM 
1111 11 
111111 
111111 
222232 
222222 
322222 
322222 
322222 
222222 
222222 
223222 
322222 
333333 
333333 
333333 
333333 
333333 
333333 
333333 
333333 
333333 
444444 
444444 
444444 
444444 
444444 
444444 
444444 
444444 
4 4 4 4 4 4 
555555 
555555 
555555 
555555 
555555 
555555 
555555 
555555 
555555 
666666 
666666 
666666 
666666 
666666 
666666 
666666 
666666 
666666 
777777 
777777 
777 7 77 
777 777 
777777 
777777 
777777 
777777 
777777 
660666 
886666 
008860 
880086 
806888 
88600b 
800886 
860600 
008068 
9 9 9 9 5/9 
99995/9 
999999 
999999 
999999 
999999 
999999 
999999 
999999 
123456 
234567 
345678 
456789 
567891 
678912 
709123 
091234 
912345 
Oi 0101 
020262 
030303 
040404 
050505 
060606 
070 707 
060006 
090 909 
1 O i 0 10 
202020 
303030 
404040 
505050 
606060 
707070 
008080 
9 090 9 0 


Multiplicand 


333333 

555555 
666666 
777777 
0U0068 
999999 
lllill 
222222 
333333 
444444 
555555 
666666 
777777 
Q 6 6 066 
999999 
lllill 
222222 
333333 
444444 
555555 
666666 
777777 
088006 
999999 
1 1 1 1 1 1 
222222 
333333 
444444 
555555 
666666 
777777 
0 B 8 0 88 
999999 
1 1 1 1 1 1 
222222 
333333 
444444 
555555 
666666 
7 7 7 77 7 
866860 
999999 
1 1 1 1 1 1 
222222 
333333 
444444 
555555 
666666 
777777 
000808 
999999 
1 1 1 1 1 1 
222222 
333333 
444444 
555555 
666666 
777777 
866000 
999999 
1 1 1 1 1 1 
222222 
333333 
444444 
555555 
666666 
777777 
008068 
999999 
1 1 1 1 1 1 
222222 
333333 

4 4 4 4 4 4 
555555 
666666 
777777 
800000 
999999 
123456 
234567 
345670 
456789 
567091 
670912 
709123 
891234 
912345 
010101 
020202 
030303 
040404 
050505 
060606 
07 0707 
080006 
090 909 
1 0 1 0 1 0 
202020 
303030 
404040 
505050 
606060 
707070 
008060 
909090 


Individual Product 

012345654321 
024691300642 
0 370369 6 2963 
049302617204 
061726271605 
074073925926 
066419580247 
09076 5234568 
111110800009 
024691300642 
049302617204 
074073925926 
090765234560 
1234S654 3210 
140147051852 
172039160494 
197530469136 
222221777770 
037036962963 
074073925926 
111110860889 
1 4 B 1 4 7 8 S 1 8 5 2 
165104014815 
222221777770 
259258740741 
296295703704 
333332666667 
049382617264 
09076 5 2 34 560 
140147051852 
197530469136 
246913066420 

296295703704 
345678320908 
395060930272 
444443555556 
061726271605 
12345654 3210 
165104814015 
246913006420 
300641358025 
370369629630 
432097901235 
493826172040 
555554444445 
074073925926 
148147051052 
222221 777770 
296295703704 
370369629630 
444443555556 
510517401482 
592591407408 
666665 33 3 334 
066419560247 
17203 91 6 0494 
259258740741 

345678320908 
4 3 2097901235 
518517461402 
604937061729 
69 1356641976 
777776222223 
090765234560 
197530469136 
29629570 37 04 
395060930272 
493026172040 
592591407408 
691356641976 
790121876544 
880807111112 
111110880809 
222221777778 
333332666667 
444443555556 
555554444445 
66666 5 3 3 3 334 
77 7 7762 22223 
888807111112 
999998000001 
015241303936 
055021677489 
119493279684 
208656190521 
322500107881 
460921503744 
622715109129 
794290042756 
832373399025 
000102 030201 
0004 OBI 20804 
000918271809 
001632483216 
002550755025 
003673087236 
004999479849 
00652 99 3 286 4 
000264446201 
010203020100 
040012 08 0 4 00 
091827180900 
163248321600 
255075502500 
367 3087 2360 0 
499947984900 
652993286400 
826444628100 


Table I 


Protective Total 

012345654321 
037036962963 
07 407 392 S 926 
123456543210 
18510481481 5 
259258740741 
34 567 8 320988 
444443555556 
555554444445 
500245753087 
629628370371 
70 370229 6297 
002467530865 
925924074075 
074071925927 
246911086421 
444441555557 
666663333335 
7 0 3700296298 
777774222224 
880885111113 
037032962966 
222217777760 
444439555558 
7 0 36982962 9 9 
999994000003 

3 3 3 3 2 6 6 6 6 6 7 0 
382709283954 
4M1474518522 
62 962 2 370 374 
827152839510 
074065925930 
370361629634 
716039950622 

111100888894 
555544444450 
617272716055 
740729259265 
92591407408O 
172827160500 
481468518525 
85183 0 1481 5 5 
2 8 393604 9 3 9 0 
777762222230 
33 3316666675 
407390592601 
555530444453 
777760320231 
074055925936 

4 4 4 4 2 5 5 5 5 5 6 5 
88 IJ 8 691111 2 1 
407306592603 
999976000011 
666643333346 
753062913592 
925902074086 

I 0 S 1 6 O 8 1 4 0 2 7 
530839135815 
962937037 050 
4 8 1454510532 
086391580261 
777740223237 
555 52 444 44 6 0 
65420967902H 
85 1 82014 8 164 
148115851860 
543176790140 
037002962980 
629594370388 
33095101*364 

II 10720 8 8 90 8 
999960000020 
11 107 068 0 909 
333292666607 
666625333354 
11106BD88910 
666623333355 
33 3286666689 
11 1064 0 88912 
999952000024 
999950000025 
015191303961 
070213061450 

189706341134 
396362531655 
720862719536 
181784223280 
004499332409 
598797375165 
431170774190 
431272804391 
4 31680925195 
432599197004 
4342316B0220 
436702435245 
440455522401 
445455002330 

451984935194 

460249381475 
470452401575 
511264401975 
60 3091662 87 5 
766339984475 
02 141 548 697 5 
308724210575 
800672195475 
541665481875 
360110109975 
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the same field as it is already punched, any errors 
will be indicated by the machine’s stopping and 
showing an error light. 

Progressive punching may be checked in the 
same manner described above if the product sum¬ 
mary is wired on and the R19B points are shorted. 
Progressive punching may also be obtained by 
leaving the product summary unwired and short¬ 
ing either R19A points or Pll cam contact. 

If wrong results are being obtained, an effort 
should be made to determine the type of trouble 
before removing any covers. In any event, all 
voltages should be checked before any analyzing 
is done. In this way, blown fuses, wrong voltage 
adjustments, or any trouble in the power supply 
can be detected before any time is spent attempting 
to find troubles in the electronic unit. 

To eliminate carry and also to provide a product 
easily calculated manually, a Ill 111 x 111111 card 
should be used to check computing. By working 
out the problem in detail manually it is often pos¬ 
sible to determine the type of trouble. 

When covers are removed from the electronic 
unit, it is possible to check the values read into the 
multiplier and multiplicand counters and com¬ 
puted product in the product counter before 
punching. To avoid any possible change in the 
multiplier and multiplicand counters during com¬ 
puting, read-in should always be checked before 
computing. This can be easily done by setting 
the manual control dial switch off. If read-in is 
correct and it is desired to start computing, it is 
only necessary to turn the switch to manual for 
an instant and back to off. 

Before looking very far for trouble in the elec¬ 
tronic unit, a visual check should be made for an 
open filament circuit. The individual tube in an 
open string may be found by substitution or by 
means of an ohmmeter. 

If the multiplier or multiplicand is reading in 
wrong, the factor reversal switch may be set on, 
and the factors again read in. If the trouble shifts 
to the other counter, it is obvious that the trouble 


is in the punch unit. Then by crossing control 
panel wires or using different brushes, the trouble 
can be readily localized. 

If a counter position fails to receive a reading 
and it is known to be in the electronic unit, first 
check the counter read-in trigger indicator lights. 
If the read-in triggers turn on, but the counter 
fails to receive a reading, the read-in switch tube 
should be exchanged with a good one. 

If the trouble is in the counter, it may be local¬ 
ized to one position by crossing the input wires on 
the counter chassis terminals. Once it is localized 
to a counter chassis, the tubes may be checked by 
exchanging all the tubes in one position with all 
the tubes in another position that is working 
properly. Then the trouble may be localized to 
an individual tube by exchanging tubes one at a 
time. 

If a read-in trouble is localized to one counter 
position and the tubes are good, the trouble should 
be in the components wired to the tube sockets. 
A visual check should locate such troubles as 
broken wires, shorts between components, loose 
solder connections, "burned” resistors, etc. The 
values of resistors may be checked with an ohm- 
meter if no trouble is located visually. It must be 
kept in mind that exact readings cannot be ob¬ 
tained in many cases because of back circuits. 
However, sufficiently accurate readings can be 
obtained to indicate whether or not a resistor is 
within operating range. In checking capacitors, 
shorted capacitors can be detected with an ohm- 
meter. Open capacitors can be easily detected by 
substituting a good capacitor across the suspected 
one. For a quick check there is no need to solder 
the substitute capacitor in place; it may be held 
across the suspected capacitor while the circuit 
operation is checked. If trouble is located in a 
trigger circuit, it must be kept in mind that the 
trigger circuit must be symmetrical; therefore, 
resistors or capacitors should be replaced in cor- 
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respondingly matched pairs. A tube socket may 
be ordered with all trigger components mounted 
on the socket. In many cases of trouble in the 
trigger circuit, it may be wise to replace the tube 
socket with all trigger circuit components mounted 
on it. 

If after a reasonable length of time, the trouble 
cannot be found in a counter, it may be necessary 
to replace the counter chassis and return the old 
chassis to Endicott or repair the old chassis in the 
local office. 

Read-in trouble affecting both multiplier and 
multiplicand counters can be in either the punch 
or the electronic unit. By observing the indicator 
light for the read-in pulse trigger, it can be deter¬ 
mined whether this trigger is operating. If the 
trigger is operating properly and no pulses are get¬ 
ting to the counters, the power tube may be at 
fault. If the trigger fails, either the cam contacts 
in the punch unit are at fault, or the trigger tube 
or circuit is at fault. 

If read-in is found to be correct, but the wrong 
product is obtained, the computation should be 
repeated at 5 cycle per second frequency. Visual 
observation of the indicator lights will show up 
any obvious troubles, such as failure of the primary 
or secondary timers, failure of any or all positions 
of the multiplier counter to advance, failure of 
any positions of the multiplicand counter to roll, 
failure of multiplicand read-out triggers, failure 
to column shift, etc. Once the trouble is localized 
to a certain function, visual observation of the 
indicator lights will show whether or not certain 
timing triggers are functioning, such as B3, A35, 
B16, Bl7, etc. Once a trouble is localized to a 
certain area, defective tubes may be easily found 
by exchanging suspected tubes with good tubes. 
Any trouble behind the chassis can be found by 
methods already discussed. 

In some cases it may be desirable to resort to 
handpulsing so the computation may be stopped 
at any point desired. A microswitch mounted in 
a convenient holder is provided for manual pulsing. 


The switch is arranged so it may be jack-plugged 
in the chassis and placed in operation by setting 
the dial switch on the A chassis to key. When the 
microswitch is depressed, the manual pulse trigger 
goes on and the indicator light on the A chassis 
glows. This produces a negative B pulse (or a 
positive A pulse) throughout the machine, pro¬ 
vided the start trigger is on. When the switch 
button is released, the manual pulse trigger again 
goes off, and a positive B pulse (or negative A 
pulse) is produced. Thus, the depressed position 
of the microswitch corresponds to index line pulses 
(0, 1, 2, 3, etc. on electronic cycle), while the 
normal position of the microswitch corresponds to 
mid-index line points (0.5, 1.5, etc.). 

Often it may be helpful in analyzing a trouble, 
to stop computing after 1, 2, 3, 4, 5, or 6 column 
shifts either at 5-cycle speed or 3 5kc speed. Com¬ 
putation may be easily stopped after any column 
shift by removing the wire to post A45 (compute 
stop wire) from post C23. Then by means of a 
clip lead, attach the compute stop wire to post C38 
to stop after the 1st column shift; to post C37 to 
stop after the 2nd column shift; to post C31 to 

stop after the 3rd column shift; to post C30 to 

stop after the 4th column shift; to post C24 to 

stop after the 5 th column shift. No half-entry 

position should be wired when this is done. 

Once computing stops after a given number of 
column shifts, trigger A32 is on; therefore, a 
problem cannot be continued by merely turning 
the manual control dial switch to manual. In 
order to carry a problem through one column shift 
at the time, proceed as follows: 

1. Set manual control dial switch off. 

2. Clip compute stop lead to post C3 8. 

3. Read multiplier and multiplicand factors in 
by feeding card through entry brushes. 

4. Turn manual switch to manual for a mo¬ 
ment and back to off; this will cause compu¬ 
tation to go through 1st column shift leaving 
A32 triggers on. 
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Figure 130. Connections for Manual Checking of Multivibrator Frequency 


5. Turn trigger A3 2 off manually by touching 
the grid pin on the off side of A3 2 (pin 4) 
with a test lead clipped to +65 volts. (A 
test lead is provided with the machine for 
this purpose. A 0.2 megohm resistor is wired 
in the prod to limit grid current and to pre¬ 
vent a short in case the test lead is connected 
across "hot” terminals.) 

6. Move compute stop lead to post C37. 

7. Turn manual switch to manual for a mo¬ 
ment and back to off; this will cause com¬ 
putation through the 2nd column shift. 

8. Repeat above process on through 6th column 
shift. 

Of course it is not necessary to go through all 
these steps if a new card is fed through the punch 
after each computation. For example, clip the 
compute stop wire to post C3 8 and set dial switch 
to normal. Then when a card is fed, the machine 
will compute the problem through the 1st column 
shift. Now move the compute stop wire to post 
C37 and feed a new card. This time the problem 
will be computed through the 2nd column shift. 


This may be repeated through the six column 
shifts. 

If it is found that the computation is correct at 
5-cycle speed, but fails at high speed, it may 
be that capacitance effect, weak triggers, etc., 
are at fault. In this case it may be necessary 
to resort to an oscilloscope. The use of an oscillo¬ 
scope will be discussed in a later section. One of 
the first things that should be checked, when fail¬ 
ure occurs at high speed only, is the frequency of 
the multivibrator. In case trouble develops in the 
multivibrator, resulting in a considerable increase 
in speed, trouble may be caused by exceeding the 
frequency rating of the triggers. Also, it is con¬ 
ceivable that the frequency may drop to such an 
extent that the computation is not finished before 
cancelling. Of course, this will show up only on 
automatic operation. In any event, the frequency 
of the multivibrator can easily be checked without 
instruments provided the machine is going through 
a problem properly as far as compute start, column 
shift, and compute stop are concerned. This is 
done by performing a problem 1000 times and 
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timing the operation. Then, knowing the total 
number of cycles taken, it is only a matter of 
dividing the time into the total number of cycles 
taken during that time to obtain the frequency. 
The connections necessary to perform this test are 
indicated in Figure 130. To make the necessary 
connections, proceed as follows: 

1. The compute stop wire is removed from post 
A45. 

2. The input and output jumpers are removed 
from the first 3 positions of the multiplier 
(or multiplicand) counter. 

3. Then clip a test lead from the output of 
counter position 1 (-50 volt output) to the 
input of counter position 2, and from the 
output of position 2 to the input of position 
3. This will provide three counter positions 
in tandem, and starting from 0, 1000 pulses 
applied to the input of the 1st counter posi¬ 
tion will result in a carry pulse from the 3rd 
position. 

4. The output of the 3rd counter position is 
clipped by a test lead to the input capacitor 
at the on side of compute stop trigger A31. 
A convenient place to clip this lead is at the 
midpoint of the two .015 megohm resistors 
shown under A31 on the circuit diagram. 
When the 3rd position carries, computation 
will stop. 

5. The input of the first counter position is 
wired to the anode of tube Ml (pin 5) by 
means of a test lead. Ml is the follower for 
the off side of trigger M2, which is the last 
stage of the tertiary timer. Each time M2 
goes off, a negative pulse is produced at the 
anode of Ml, to cause 1 to add in counter 
position 1. 

With the above connections, the counters con¬ 
nected in tandem will count the computations. 
Only six column shifts are required to complete a 
problem; however, the tertiary timer returns to 0 
at the 8th pulse and it is necessary to go through 
8 column shifts for each computation. This is of 


no consequence, because nothing happens during 
the 7th and 8th column shifts except for advanc¬ 
ing the timers. This does mean, however, that for 
each computation 12 80 pulses (16 x 10 x 8) are 
required instead of 960 pulses. (The fact that the 
first computation starts with the tertiary timer at 
1 does not change the total number of cycles taken 
sufficiently to take it into consideration.) Then, 
knowing that each computation requires 1280 
pulses, it is obvious that 1000 computations repre¬ 
sent 1,280,000 pulses. 

With the above setup, the manual control dial 
switch is set to off and the frequency control dial 
switch is set to 3 5 KC. Then a card is fed through 
the punch. The manual switch is set to manual 
and the time is observed. By watching the ter¬ 
tiary timer indicator lights (or the compute stop 
trigger indicator light), it can be easily determined 
when computation stops, and the time is again 
noted. By dividing the elapsed time in seconds 
into 1,280,000, the frequency is obtained. For 
example, if 40 seconds are required to complete a 
computation 1000 times, then the multivibrator 
frequency is 1,280,000/40 or 32,000 cycles per 
second. This frequency is not critical. A toler¬ 
ance of ±: 10% from the rated frequency is 
permissible. 

The above method provides a medium for a test 
of the electronic unit. Of course, only three posi¬ 
tions of the multiplier (or multiplicand) counter 
can be used for computing. After the problem 
has been computed 1000 times, the result in the 
product counter should be the same as for one 
computation with the decimal stepped over three 
places to the right, that is, with three zeros to the 
right. 

Use of Neon Indicator Bulb, Voltmeter, and 
Oscilloscope 

A neon indicator bulb which requires at least 90 
volts to glow is a very useful tool in analyzing 
certain troubles. With this indicator the status 
of any trigger or tube can be determined by plac- 
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ing the leads of the indicator bulb between the 
ground and the anode of the tube in question. If 
a tube is conducting, the bulb will not glow, since 
the potential at the anode is considerably below 
+90 volts. On the other hand, the indicator bulb 
will glow if a tube is cut off, since the potential 
at the anode will be essentially +150 volts. In 
using a neon indicator, it must be borne in mind 
that a pulse passing through a small capacitor 
(50 - 250 mmfd) will not indicate, because the 
duration of the pulse is not sufficiently long to be 
visible. 

It is not necessary to have a neon indicator bulb 
in the tool kit; one of the unused indicator bulbs 
on the electronic unit may be used. For example, 
bulb 5 in the indicator block in the A13 position 
is not used; consequently this bulb can be used as 
an indicator. By plugging the cable extension 
plug in socket A13, the indicator block can be 
carried to the rear of the chassis for observation. 
(An extension cable for the indicator blocks is 
furnished with each machine.) Since one side of 
all the bulbs in the indicator block is already 
grounded, it is necessary only to clip one test lead 
to pin 5 of the socket in A13. To prevent damage 
to the bulb, at least 0.2 megohm should be wired 
in series with the test lead. If the test lead with a 
0.2 megohm resistor internally wired is clipped to 
pin 5 of socket A13, then the prod can be used 
as a pointer and by observing bulb 5 in the indi¬ 
cator block, the status of various tubes can be 
determined. 

A volt-ohmmeter is an indispensable tool in 
servicing the electronic unit. For most uses a 
meter with as low a sensitivity as 1000 ohms per 
volt can be used. Flowever, in order to check 
potentials in very high resistance circuits, such as 
grid circuits, it is necessary to have a high sensi¬ 
tivity of around 20,000 ohms per volt. Since it is 
not often necessary to determine grid potentials, 
it is not necessary to have a meter with a sensitivity 
as high as 20,000 ohms per volt for ordinary trou¬ 
ble shooting. 


The anode potential of the 2 5L6’s varies from 
about +150 volts, when non-conducting to about 
+20 to +30 volts when conducting. The anode 
potential at either anode of a trigger changes from 
approximately +40 volts to approximately +140 
volts as the trigger goes ON and off. The poten¬ 
tial at the anode of 6SK7’s and triode sections of 
12SN7’s varies between approximately +50 volts 
and +150 volts as the tube goes from conducting 
state to non-conducting. 

As in the case of the neon indicator, a meter 
cannot follow a pulse through a capacitor. The 
fastest speed that a meter can be expected to fol¬ 
low is about 2-3 pulses per second. When com¬ 
puting at 5 -cycle speed, it is possible to check most 
operations by means of a voltmeter, since most 
operations occur at speeds less than 3, per second. 
Remember, though, that a meter cannot detect 
pulses through a capacitor. Only an oscilloscope 
will show pulses through a capacitor. Another very 
important fact to remember is that a low sensitiv¬ 
ity meter will draw sufficient current to cause a 
trigger to operate when the meter lead is touched 
to the anode of the non-conducting tube of a trig¬ 
ger. Therefore, care must be exercised when 
checking the status of triggers with a meter; a false 
impression may be obtained if the voltmeter causes 
a trigger to trip. 

Since grid current prevents grid potential from 
rising above cathode potential, the actual potential 
that a voltage divider produces cannot be checked 
with a tube in place. It is convenient to have a 
dummy tube with all base pins clipped except the 
heater pins for such purposes as checking positive 
potentials at grids, or to stop certain operations. 
The heater pins must be left in place because the 
tube filaments are wired in strings, and tubes other 
than the desired one may be rendered ineffective. 

As already mentioned in connection with trouble 
analysis, an ohmmeter is quite useful in checking 
for shorted capacitors and resistors, or for shorted 
tube elements. Resistance values can also be de- 
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termined, as well as open resistors or open circuits 
of any type. 

The discussion of the use of an oscilloscope is 
limited to the use for the particular job of locating 
trouble on the computing unit under actual oper¬ 
ating conditions. If it is desired to accurately re¬ 
produce square waves, an oscilloscope (usually ab¬ 
breviated scope) must have an amplifier with an 
extremely flat characteristic up to several mega¬ 
cycles. Other than exact reproduction of wave¬ 
form, however, any reasonably good scope can be 
used to view operations at high speed. 

In order to attach significance to the scope pat¬ 
tern, it is necessary to calibrate the screen both 
horizontally and vertically. The signal input is 
applied to the vertical deflection plates through the 
vertical amplifier. Since a vertical deflection repre¬ 
sents voltage, it is possible to apply a known volt¬ 
age and calibrate the screen. The Y-gain switch 
(vertical amplifier) can be adjusted to produce a 
desired deflection on A or B pulses (post A54 or 
A53) and then left at this setting. The A and B 
pulses are known to be approximately 120 volts; 
therefore, the two extremes of the pulses can be 
marked on the screen, and a center line can be in¬ 
dicated as the reference. (Care must be exercised 
to remain on the flat surface of the screen as much 
as possible.) With these marks as guides, the volt¬ 
age of any applied pulses can be determined fairly 
accurately. 

In order to show phase relationships, it is neces¬ 
sary to use external synchronization. The best 
point to connect for external synchronization is at 
the indicator light for the last stage of the primary 
timer (A29). This connection is desirable because 
the 1 megohm resistor between the indicator light 
and the trigger isolates the scope and prevents any 
possible interference with the operation of the pri¬ 
mary timer. 

Since one problem requires such a short time, it 
is necessary to keep the unit in a computing state 
to view the patterns on a scope screen. The easiest 


method of doing this is to disconnect the wire on 
post M46, which is the input to the tertiary timer. 
Thus, the column shift cannot advance and once 
computation starts, the problem is repeated over 
and over in the first column shift. If it is desired 
to view operations in any other column shift, the 
column shift may be advanced by turning M5 OFF 
and on manually by using the test lead with a 0.2 
megohm resistor internally wired. 

The horizontal deflection represents time, and 
by proper setting of the frequency range switches 
and by proper synchronizing, a steady pattern of 
one cycle or hundreds of cycles can be shown on 
the screen. Since the basic adding cycle consists of 
16 cycles of the multivibrator, it is desirable to cali¬ 
brate the screen into 16 pulses to represent the 16 
points of the adding cycle. 

In order to set up a cycle that has significance, 
it is necessary to reproduce on the scope screen pat¬ 
terns that exist at known times in the electronic 
cycle. For instance, the last stage of the primary 
timer goes on at 8 and off at 0; therefore the 
pattern produced by applying the potential at the 
anode of either tube of trigger A29 to the scope 
can be used to establish 0 and 8 points of the cycle. 
Similarly, the output from other triggers or tubes 
can be used to establish all the points of the cycle. 
These points are calibrated on the scope screen and 
can then be used for timing reference. 

It may be found easier to establish a fixed pat¬ 
tern of one cycle on the screen by first setting up a 
fixed pattern of 32 pulses (two primary cycles). 
Then by means of the horizontal location switch 
and the horizontal gain switch, the pattern can be 
spread out and located exactly where desired. Once 
a fixed pattern for one cycle is established, by ap¬ 
plying the potential at various points the pattern 
for the multiplier advancing pulse, multiplicand 
rolling pulses, carry pulse, etc. may be viewed on 
the scope screen. 

The table below shows where to touch the scope 
input prod to obtain the pattern indicated: 
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A pulses —Post A54 

B pulses —Post A53 

Input to primary timer —Midpoint of A25 load resistor 


First stage of primary timer 
Second stage of primary timer 
Third stage of primary timer 
Last stage of primary timer 
Multiplier advancing trigger 
Multiplier advancing pulse (+12) 
Pulses to B3 trigger (-10, -14) 
*Half-entry pulses 
B3 trigger 

B16 trigger (0.5-10.5) 

10A pulses to roll multiplicand 
10B pulses to column shift switches 


—Pin 
—Pin 
—Pin 
—Pin 


2 or 5 of A26 

2 or 5 of A27 

2 or 5 of A28 

2 or 5 of A2 9 


—Pin 5 of A35 
—Post A33 
—Post A49 
—Post A3 4 
—Pin 2 or 5 of B3 
—Pin 5 of B16 
—Post B22 
—Post B58 


+ 10 pulse to turn OFF multiplicand output triggers 

—Post B45 

-14 pulse to turn OFF carry triggers —Post B50 

Carry control pulse —Post B51 


Input to multiplier counter —Post El, E6, FI, F6, Gl, G6 
Input to multiplicand counter —Post II, 16, Jl, J6, Kl, K6 
Output from multiplicand counter —Post 121, 126, J21, 

J26, K21, K26 

Input pulses to column shift switches —Post 061 (during 

CS1) 

060 (during CS2) 
059 (during CS3) 
058 (during CS4) 
057 (during CS5) 
056 (during CS6) 

Output from column shift switches —Anode load resistors 
(before clipping) in N and O chassis 

for switch tubes in 
O chassis. 

Input to product counter from column shift switches and 
carry —Post PI, P6, Rl, R6, SI, S6, Tl, T6, etc. 

* To view half-entry pulses a dummy tube must be inserted 
in place of A14 to prevent blocking the A22 trigger. 
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Al. Not used. 

A2. Not used. 

A3. Neon indicating bulb for manual pulser. 

A4. Dial switch, 

A3. Jack-plug for manual pulsing contact. 

A6. Test Socket position for MP counter input 
triggers in C chassis. 

A7 (VR-130). Voltage regulator tube for multi¬ 
vibrator to maintain -f-150 volts at anodes of 
MV to insure frequency stability. 

A8 (12SN7) . Manual pulse trigger to provide 
true square wave output from manually con¬ 
trolled pulser. 

A9 (12SN7 ). 5 cycle multivibrator used for vis¬ 
ual observation of computation when dial 
switch is set to 5 cycles. 

AlO ( 12SN7 ). 3 5,000 cycle multivibrator used 
as master timer for all computations; gener¬ 
ates essentially square waves of 35,000 cycles 
per second frequency. 

All ( 12SN7 ). Clipper for multivibrator output; 
provides square wave output at anode of sec¬ 
ond stage. 

A12. Not used. 

A13. Test socket position for control triggers in 
A chassis. 

A14i ( 12SN7 ). Blocking tube for A22 trigger to 
prevent A22 from turning on as long as A 20 i 
is non-conductive, and thus allows A22 to 
turn on only in 6 th column shift cycle. 

A I4i ( 12SN7). Follower tube which conducts 
when A15 trigger is on; provided to block 
the A22 trigger from turning on again at 0 
of 2 nd through 10 th primary cycles during 
6 th column shift cycle. 

Al 5 ( 12SN7 ). Trigger controlling single entry 
of half-correction pulses through A142 fol¬ 
lower tube; allows five half-entry pulses to 
enter product counter only once. Turned ON 


at 5 during the 1st primary cycle of the 6 th 
column shift cycle from a negative pulse from 
A22 trigger; turned off by cancelling. 

A16 (25L6). Power tube controlled by clipper 
output; produces square wave A pulses for 
operation of computing section. 

Al7i ( 12SN7 ). Follower for right-hand tube of 
5 cycle MV; provides 5 cycle pulses to clip¬ 
pers and is necessary because direct coupling 
is required for such slow operation. 

A17z ( 12SN7 ). Inverter from second stage of 
clipper to provide pulses of proper phase to 
A16 power tube. 

Al 8 ( 23L6 ). Power tube controlled by clipper 
output; produces square wave B pulses for 
operation of computing section. B pulses are 
180° out of phase with A pulses. 

A19. Not used. 

A20i (12SN7 ). Normally non-conducting triode 
which controls A14i blocking tube; prevents 
A22 trigger turning on until 6 th column 
shift cycle when A20i is conductive. 

A 2 O 2 (12SN7 ). Follower tube for A26i, the off 
tube of the first stage of the primary timer. 
Used to avoid loading of trigger; conducts 
when A26 trigger is off. 

A21 ( 6SK7 ). Switch tube providing negative 

pulses at 5, 7, 13, and 13; turns trigger A 22 
off at 5 after A22 has been turned on. Neg¬ 
ative pulses at 7, 13, and 13 are not used. 

A22 ( 12SN7 ). Trigger controlling five pulses for 
half-correction; on from 0 through 5 of 1 st 
primary cycle during 6 th column shift and 
conditions A23 switch to accept 5 B pulses 
for half-correction. 

A23 (6SK7) . Switch controlling pulses for half¬ 
entry; suppressor receives continuous stream 
of B pulses but grid conditions switch only 
when A22 trigger is on. 
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A24 (25L6). Power tube controlled by A23 
switch; provides 5 positive pulses to half-entry 
switches in N chassis. 

A25 ( 6SK7 ). Start switch providing pulses to pri¬ 
mary timer under control of trigger A31; A 
pulses applied to suppressor are inverted to B 
pulses for primary timer. 

A26 (12SN7 ). First stage trigger of primary 
timer which turns on every odd-numbered 
pulse from A 2 3 switch and turns off at 
every even-numbered pulse, thus going on 
eight times in each primary cycle. 

A27 (12SN7 ). Second stage of primary timer 
which triggers when A26 goes off, therefore 
going on every 4 pulses from A2 3 switch be¬ 
ginning at 2 and going off every 4 pulses 
beginning at 4. 

A28 (12SN7 ). Third stage of primary timer 
which triggers when A27 goes off, therefore 
going on every 8 pulses from A 2 3 switch be¬ 
ginning at 4 and going off every 8 pulses 
beginning at 8. 

A29 (12SN7 ). Fourth stage of primary timer 
which triggers when A28 goes off, therefore 
being on from 8 to 0 of each primary cycle. 

A30 Test socket position for primary timer. 

A31 ( 12SN7 ). Trigger controlling starting and 
stopping of computations by conditioning A- 
2 5 start switch to accept A pulses; turned on 
when A32 trigger goes on and turned off 
at end of computation by negative pulse from 
column shift control. 

A32 ( 12SN7 ). Compute start trigger under con¬ 
trol of P24 cam contact in punch unit; turned 
on by P24 and cancelled off. This trigger 
is necessary to permit the computation to ter¬ 
minate before P24 (or the manual control 
switch) opens. 

A3 3 ( 6SK7 ). Switch providing negative pulses at 
10 and 14 under control of primary timer to 
turn B3 trigger ON and off. 

A34i ( 12SN7 ). Follower tube for off side of 
A29 trigger in primary timer; used to relieve 
load on trigger. 


A34i ( 12SN7 ). Follower tube for on side of A29 
trigger. 

A3 5 ( 12SN7 ). Control trigger for A36 power 
tube; on at 8 and off at 12. Conduction 
through A3 6 stops at 12 when A3.3 goes off. 

A36 ( 25L6). Normally conducting power tube 
which stops conducting at 12 when A3 5 goes 
off to provide a positive pulse to advance the 
multiplier counter 1 for each primary cycle. 

Bl. Not used. 

B2 ( 25L6 ). Stops conducting at 10 under control 
of B9i to provide a positive pulse to the L 
chassis for stopping the output of pulses from 
the multiplicand when transferring the multi¬ 
plicand to the product counter. 

B3 ( 12SN7 ). Control trigger on from 10 through 
14; controls other tubes through the follower 
tubes B9i and B92. 

B4 (6SK7). Switch tube for turning trigger B16' 
ON at 0.3. Grid of B4 is conditioned by A342 
from 0 through 8 and suppressor receives B 
pulses; only the 0.5 pulse is used to turn Bl6 

ON. 

B) (6SK7 ). Switch providing 10 pulses from 0.3 
through 10.5 under control of Bill and Bll 2 . 
A pulses are fed to the suppressor of B3; 10 
are passed and fed to power tube B6 as B 
pulses. 

B6 ( 25L6). Power tube providing ten A pulses for 
rolling multiplicand counter when trans¬ 
ferring from MC to product counter. Ten 
B pulses applied to the grid of B 6 appear as 
ten A pulses at the anode of B6. 

B7 Test socket position for control triggers on B 
chassis. 

B8 ( 25L6). Conducts at 14 under control of B9i 
to provide a negative pulse at 14 to turn off 
any carry triggers in W and X chassis which 
may be on at end of adding cycle. 

B9i ( 12SN7 ). Follower for on side of trigger B3. 
Anode potential is low when B3 is on from 
10 through 14; controls B8 and B2 power 
tubes. 
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( 12SN7 ). Follower for trigger B3 off side. 
Anode potential is high from 10 through 14 
to condition B15 switch and BIO switch; also 
provides a negative pulse at 14 to advance the 
secondary timer. 

BIO (6SK7). Switch controlling Bl6 trigger; turns 
B16 off at 10.5. Grid of BIO is conditioned 
to conduct from 10 through 14 by B92 and 
suppressor receives B pulses, thus providing 4 
negative pulses at 10. 5, 11. 5, 12. 5, and 13 .5 
to turn B16 off. Only the 10. 5 pulse is used. 

Blh ( 12SN7 ). Works in conjunction with Bll» 
to condition the grid of B5 switch; allows B5 
to accept A pulses only in the primary cycles 
following a carry-over in the multiplier 
counter. Bill is cut off and its anode is at 
high potential when trigger Bl7 is on. 

Bill ( 12SN7 ). Works in conjunction with Bill 
to condition the grid of B5 switch; allows ten 
A pulses to be passed by B5 provided B5 is 
not blocked by Bill. Bll ■i is cut off and its 
anode is at high potential when trigger B16 
is on. 

B12 (25L6). Power tube providing ten B pulses 
to the column shift control tubes. The A 
pulses from B6 are inverted to B pulses for the 
column shift control tubes. 

B13. Not used. 

B14 (25L6). Cuts off from 20.5 through 14 under 
control of Bl 5 switch to provide positive pulse 
for carry control; carry switches are condi¬ 
tioned to conduct by Bl4. 

Bl 5 ( 6SK7 ). Switch provided to control the carry 
control power tube Bl4; controlled by B 9i 
and Bl6. B9^ permits conduction from 10 
through 14 by suppressor control, and Bl6 
permits conduction from 10 .5 through 0.5 by 
grid control, thus B15 can conduct only from 
10. 5 through 14. The B16 control provides 
a half-cycle delay to insure that carry can¬ 
not occur until adding is complete. 

B16 ( 12SN7 ). Trigger providing 10 pulse control; 


on from 0.5 through 10.5 of every adding 
cycle under control of B4 and B10 switches. 

B17 (2 2SN7 '). Multiplicand read-out control trig¬ 
ger provided to control the cycle during 
which the multiplicand starts receiving rol¬ 
ling pulses. B17 is turned on by carry pulses 
from the multiplier counter at 12 and turned 
off by the secondary timer at the end of a 
column shift cycle. 

Bl 8. Test socket for secondary timer.. 

B19. Not used. 

B20 (12SN7 ). First stage trigger of secondary 
timer which triggers at 14 of each primary 
cycle, going on and off alternately. 

B21 ( 12SN7 ). Second stage trigger of secondary 
timer which triggers when B20 goes off, 
therefore going on at the second and sixth 
primary cycles. B27 blocks B21 on the tenth 
cycle. 

B22 (12SN7). Third stage of secondary timer; 
triggers when B21 goes off, therefore going 
on at the fourth primary cycle and remaining 
on through the eighth. 

B23 ( 12SN7 ). Fourth stage of secondary timer; 
on during the 8th and 9th primary cycles 
under control of B20 and B22. When B23 
goes off, a negative pulse is provided to turn 
B17 trigger off and to advance the tertiary 
timer. 

B24 ( 12SN7 ). Follower for on side of B23 trig¬ 
ger in the secondary timer. Provides advanc¬ 
ing pulses for the tertiary timer (column shift 
control) at the end of the 10th primary cycle. 

B2 5. This position is used for the voltage adjust¬ 
ing potentiometer in the +65 volt power sup- 
ply. 

B26 (6S/7). Voltage control pentode for voltage 
regulating circuit providing +65 volt supply. 

B27 ( 12SN7 ). Blocking tube to prevent B21 trig¬ 
ger from turning on for the 10 th primary 
cycle; used to make a scale of ten counter 
from a straight binary counter. 

B28 (25L6). Normally non-conducting power 
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tube which conducts when B29 trigger goes 
off; provides negative pulses at mid-index 
lines in synchronism with card movement 
through punch to turn off any carry and 
punch control triggers in W and X chassis 
which happen to be on, thus preventing 
under-punching of card. 

B29 ( 12SN7 ). Trigger providing 10 index lines 
pulses for read-out control; turns on at punch 
index lines 9 through 0 when P7 and P8 make 
and turns off at mid-index points beginning 
at 9.5 when PS and P6 make. Provides nega¬ 
tive pulses at index lines to B30 power tube 
and positive pulses at mid-index lines to B28 
power tube. 

B50 ( 25L6 ). Normally conducting power tube 
providing 10 positive pulses at index lines in 
synchronism with card movement through 
punch for rolling the product counter when 
reading out. Negative pulses produced when 
B29 goes on control B30. 

B31 tlrrough B34 (25L6). Power tubes for voltage 
regulating circuit used to provide +65 volts. 
Four tubes are used to furnish the necessary 
current demand. 

B3 5 ( 12SN7 ). Trigger providing 9 pulses at punch 
mid-index time for read-in control from card; 
turns on when P5 and P6 make at mid-index 
lines 9.5 through 1.5, and turns off when 
P 7 and P8 make at 8 through 0. Negative 
pulses cut off B36 power tube each time B3 5 
trigger goes on. 

B36 (25L6). Normally conducting power tube 
providing 9 positive pulses at mid-index times 
in synchronism with card movement through 
punch for read-in control. Positive pulses 
are applied to the suppressors of the multi¬ 
plier and multiplicand read-in switches. 

Cl ( 12SN7 ). Multiplier read-in trigger for units 
position of multiplier counter; turned on 
when brush wired to this position makes con¬ 
tact through the hole in the card and turned 
off by cancelling. 


C2 ( 6SK.7 ). Multiplier read-in switch provided to 
control the number of pulses entering the 
units position of the multiplier counter; its 
grid is conditioned by Cl being on and sup¬ 
pressor receives read-in pulses from B36. 

C3 (6SK7). Multiplying control switch control¬ 
ling entry of pulses for rolling the units posi¬ 
tion of the multiplier counter; its grid is con¬ 
ditioned by the column shift controls to 
conduct only during the 6th column shift 
cycle and its suppressor receives a positive 
pulse at 12 of each primary cycle from A3 6 
to advance the multiplier counter by 1. 

C4, C7, CIO, Cl3, and Cl6 ( 12SN7 ). Same as Cl 
for 2nd through 6th multiplier counter posi¬ 
tions. 

C5, C8, Cll, C14, and C17 ( 6SK7 ). Same as C2 
for 2nd through 6th counter positions. 

C6, C9, Cl 2, Cl 5, and Cl 8 ( 6SK7 ). Same as C3 
for 2nd through 6th counter positions. 

D1 ( 12SN7 ). Multiplicand read-in trigger for 
units position of multiplicand counter; turned 
on when brush wired to this position makes 
contact through a hole in the card and turned 
off by cancelling. 

D2. Test socket for multiplicand input triggers. 

D3 (6SK7). Multiplicand read-in switch provided 
to control the number of pulses entering the 
units position of the multiplicand counter. 

D4, D7, DIO, D13, and D16 ( 12SN7 ). Same as 
Dl for 2nd through 6th positions of multi¬ 
plicand. 

D5i ( 12SN7 ). Read-in inverter to feed ten B 
pulses to first position of the multiplicand 
counter for rolling the counter when trans¬ 
ferring the multiplicand to the product 
counter. Ten A pulses from B6 are inverted 
to B pulses for rolling the counter. 

D52, Dll, and D14 ( 12SN7 ). Same as D5i for 
2nd through 6th position of multiplicand 
counter. 



PURPOSE OF TUBES IN THE COMPUTING SECTION 


157 


D6, D9, D12, Dl 5, and D18 ( 6SK7 ). Same as D3 
for 2 nd through 6 th positions of multiplicand 
counter. 

D8 and D17. Not used. 

E, F, G, chassis are the multiplier counter chassis. 
The purpose of any tube in any counter posi¬ 
tion is the same as the corresponding tube in 
the secondary timer, which is a decimal 
counter. 

Hh ( 12SN7 ). Multiplier output inverter provid¬ 
ed to signal carry-over from units multiplier 
counter position; negative pulse at anode of 
Hli turns B17 trigger ON when units position 
of multiplier counter carries. 

H 2 , H3 and H 5 ( 12SN7 ). Same as Hli for 2 nd 
through 6 th positions of multiplier counter. 

H2, H4, and H6. Not used. 

I, J, K chassis are the multiplicand counter chassis. 

LI. Not used; spare 12SN7 tube is mounted in 
this position. 

L2 (12SN7 ). Output trigger for the units posi¬ 
tion of the multiplicand counter; turned on 
when units position of multiplicand counter 
carries and turned off at 10 under control of 
L4s by pulse from B 2 . L 2 controls the num¬ 
ber of pulses passed to the product counter 
under control of the units position of the 
multiplicand counter. 

L3. Not used; spare 12SN7 tube is mounted in 
this position. 

L4\ (12SN7 ). Follower for the off side of trigger 
L 2 , provided to condition all column shift 
switches connected to the units position of the 
multiplicand. When L2 is ON, L4i is non¬ 
conducting, and its high anode potential con¬ 
ditions the corresponding column shift 
switches. 

L4i ( 12SN7 ). Blocking tube controlling the off 
side of L 2 trigger. A positive pulse at 10 
from B 2 causes momentary conduction 
through L42 and the drop in the anode poten¬ 
tial of L4 2 triggers L 2 off, thus stopping fur¬ 
ther pulses from passing to the product 


counter through the column shift switches. 
Also, L4 2 blocks L 2 from turning on when 
transferring 0 ’s. When transferring 0 ’s, carry 
comes at 10 to turn L 2 2 on but L4 a is con¬ 
ducting at 10 time and blocks L 2 from turn¬ 
ing ON. 

L 5 . Test socket for multiplicand output triggers. 
L6, L8, L10, LI 1, LI 3, L15, L16, L18, L20, L21, 
L23, L23, L26, L28, and L30. Not used; 
spare 12SN7 tubes mounted in these positions. 

L7, LI2, LI7, L22, and L27 ( 12SN7 ). Same as L 2 
for 2 nd through 6 th positions of multiplicand. 
L9, L14, L19, L24, and L29 ( 12SN7 ). Same as 
L 4 i and L4 2 for 2 nd through 6 th positions 
of multiplicand. 

MT ( 12SN7 ). Follower for off side of M 2 trig¬ 
ger (third stage of tertiary timer) provided 
to control interpolating tubes in column shift 
control circuit. 

Mli ( 12SN7 ). Follower for on side of M 2 trig¬ 
ger (third stage of tertiary timer) provided 
to control interpolating tubes. 

M2 ( 12SN7 ). Third stage of tertiary timer which 
turns ON when M3 goes off, stays on for the 
4 th, 5 th, and 6 th column shift cycles, and is 
cancelled off. 

M3 (12SN7). Second stage of tertiary timer which 
triggers when M3 goes off, therefore being 
on for the 2 nd, 3 rd, and 6 th column shift 
cycles. 

M4l ( 12SN7 ). Follower for off side of M3 

trigger. 

M4 ( 12SN7 ). Follower for on side of M3 

trigger. 

M5 ( 12SN7 ). First stage of tertiary timer which 
triggers each time secondary timer carries 
over; on for the 1st, 3rd, and 5th column 
shift cycles. 

M 6 i ( 12SN7 ). Follower for off side of M5 

trigger. 

M6 2 ( 12SN7 ). Follower for on side of M5 

trigger. 
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M7. Test socket for indicator lights for tertiary 
timer. 

M 8 . Not used; spare 12SN7. 

M9\ ( 12SN7 ). Interpolating tube blocking tube 
M16i in conjunction with M9 2 and Ml 6 2 to 
permit Ml 61 to conduct only during the 6 th 
column shift cycle. 

M9 2 ( 12SN7 ). Interpolating tube which blocks 
Ml 61 in conjunction with M9i and M16 2 to 
permit Ml 61 to conduct only during the 6 th 
column shift cycle. 

MIOi ( 12SN7 ). Interpolating tube blocking Ml7i 
in conjunction with M10 2 and M17 2 to permit 
M17i to conduct only during the 5 th column 
shift cycle. 

MIO 2 ( 12SN7 ). Interpolating tube which blocks 
Ml7i in conjunction with MIOi and M172 to 
permit M17i to conduct only during the 5th 
column shift cycle. 

Mlh ( 12SN7 ). Works with Mll 2 and M18 2 to 
permit Ml 81 to conduct only during 4th 
column shift cycles. 

Mil 2 ( 12SN7 ). Works with Mill and Ml 82 to 
permit Ml 81 to conduct only during the 4th 
column shift cycle. 

M12 1 ( 12SN7 ). Works with M 12 2 and M19 2 to 
permit conduction by M19i only during 3rd 
column shift cycle. 

M12i ( 12SN7 ). Works with Ml 2 i and Ml9 2 to 
permit conduction by M19i only during 3rd 
column shift cycle. 

Ml 3 1 ( 12SN7 ). Works with M13 2 and M 20 2 to 
permit conduction by M20i only during 2nd 
column shift cycle. 

Ml3 2 ( 12SN7 ). Works with Ml3i and M 20 2 to 
permit conduction by M20i only during 2 nd 
column shift cycle. 

Ml4i ( 12SN7 ). Works with M14 2 and M 21 2 to 
permit conduction by M21i only during 1 st 
column shift cycle. 

M14o ( 12SN7 ). Works with Ml4i and M21 2 to 
permit conduction by M2U only during 1st 
column shift cycle. 


Ml5. Not used; spare 12SN7. 

Ml 61 ( 12SN7 ). Conducts during 6 th column shift 
cycle only, when all interpolating blocking 
tubes are non-conducting. Cuts off power 
tube M23 to provide high potential on 6 th 
column shift at anode of M2 3. 

Ml 62 ( 12SN7 ). Works with M9i and M9 2 to 
permit Ml 61 to conduct only during 6 th 
column shift cycle. 

M17 1 ( 12SN7 ). Conducts during 5th column shift 
cycle, when all blocking tubes are non-con¬ 
ducting, to cut off power tube M24. 

Ml 7-2 ( 12SN7 ). Works with MIOi and Ml 0 2 to 
permit M17i to conduct only during 5 th 
column shift cycle. 

Ml 81 ( 12SN7 ). Conducts during 4th column shift 
cycle when all blocking tubes are non-con¬ 
ducting, to cut off M2 5. 

M18 2 ( 12SN7 ). Works with Ml 1 to permit Ml 81 
to conduct during the 4th column shift cycle. 

Ml9 1 ( 12SN7 ). Conducts during the 3rd column 
shift cycle when all interpolating blocking 
tubes are non-conducting to cut off M 2 6 . 

M19 2 { 12SN7 ). Works with Ml 2 to permit Ml9 1 
to conduct during the 3rd column shift. 

M20i ( 12SN7 ). Conducts during 2 nd column 
shift cycle when all interpolating blocking 
tubes are non-conducting to .cut off M27. 

M20 2 ( 12SN7 ). Works with Ml3 to permit M 2 Oi 
to conduct during the 2 nd column shift cycle. 

M21 x ( 12SN7 ). Conducts during 1 st column shift 
cycle only when all blocking tubes are non¬ 
conducting to cut off power tube M 2 8 . 

M21i ( 12SN7 ). Works with M14 to permit M 2 U 
to conduct only during the 1 st column shift 
cycle. 

M22. Not used; spare 12SN7 tube mounted in 
this position. 

M23 (25L6). Power tube controlling 6 th column 
shift; stops conducting when Ml 61 conducts 
and thus conditions units position multiply 
input switch C3, column shift control switch 
M30, and half-entry control A 20 i for con- 
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duction during 6th column shift cycle. M23 
also turns A31 OFF at end of 6th column shift 
cycle to stop computations. 

M24 (25L6). Stops conducting when Ml7i con¬ 
ducts during 5 th column shift cycle to con¬ 
dition multiply input switch C6 and column 
shift control switch M31. 

M2) (2 5L6). Stops conducting when Ml8i con¬ 
ducts during 4th column shift cycle to con¬ 
dition multiply input switch C9 and column 
shift control switch M3 2. 

M26 (25L6). Stops conducting when Ml9i con¬ 
ducts during 3rd column shift cycle to con¬ 
dition multiply input switch Cl2 and column 
shift control switch M3 3. 

M27 (25L6). Stops conducting when M20i con¬ 
ducts during 2nd column shift cycle to con¬ 
dition multiply input switch Cl 5 and column 
shift control switch M3 4. 

M28 (23L6). Stops conducting when M21i con¬ 
ducts during the 1st column shift cycle to 
condition multiply input switch Cl 8 and col¬ 
umn shift control switch M3 5. 

M29. Not used; spare 12SN7 mounted in this 
position. 

M30 (6SK7). Switch controlling stream of 10 
pulses to column shift switches for adding 
into product counter on 6th column shift 
cycle; suppressor is conditioned to conduct by 
M23 and grid receives ten B pulses. 

M31 through M3 3 (6SK7). Same as M30 for 5th 
through 1st column shift cycles. 

M36. Not used; spare 12SN7 tube mounted in 
this position. 

M37 (23L6 ). Power tube supplying ten B pulses 
to column shift switches in O chassis during 
the 6th column shift cycle under control of 
switch M30. 

M38 through M42 ( 23L6 ). Same as M37 for 5th 
through 1st column shift cycles. 

Nl (6SK7). Half-entry input switch for first 
position of products counter; 5 pulses from 
A24 during first primary cycle of last column 


shift cycle are passed to units position of 
product counter provided the units position 
is wired for half-entry. 

N2 1 ( 12SN7 ). Inverter controlling read-out 

pulses from B30 to units position of the prod¬ 
uct counter for rolling product counter when 
punching; positive pulses from B30 are in¬ 
verted to negative pulses for operating the 
triggers in the counter. 

N2 2 , N5, N8, Nil, N14, and N17 ( 12SN7 ). 
Same as N2i for 2nd through 12'th positions 
of the product counter. 

N3 1 ( 12SN7 ). Clipper for re-shaping the output 
from column shift switches in O chassis to 1st 
position of product counter. Because of the 
internal capacity of the parallel switches in 
the O chassis, the waveform leaving the O 
chassis is far from a square wave and the 
voltage amplitude of different positions varies; 
therefore the output from the O chassis must 
be re-shaped before entering the products 
counter. 

N3 2 ( 12SN7 )• Inverter for clipper N3i. Re¬ 
quired because of phase reversal by clipper; 
the A pulses leaving the column shift switches 
are inverted to B pulses by the clipper, hence 
they must be inverted again to A pulses be¬ 
fore entering the products counter. 

N4, N7, N10, N13, and N16 (6SK7). Same as 
N1 for 2nd through 6th positions of product 
counter. 

N6, N9, N12, N13, and N18. Same as N3i and 
N3 2 for 2nd through 6th positions of product 
counter. 

Ol through 06 ( 6SK7 ). Column shift switches 
controlling exit from first position of multi¬ 
plicand counter to 1st through 6th positions 
of product counter. Grids of these switches 
are all conditioned by multiplicand output 
trigger and follower L4i; suppressors succes¬ 
sively receive stream of ten B pulses in reverse 
order 06, 05, etc. from proper column shift 
control power tube in M chassis. 
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07 ( 12SN7 ). Dummy tube for filling out fila¬ 
ment string. 

OS through 015 (6SK7) . Same as Ol through 
06 for exit from 2nd position of multipli¬ 
cand to 2nd through 7th positions of product. 

014 ( 12SN7 ). Same as N3; clipper and inverter 
for output to 7th position of products counter. 

015 through 020 ( 6SK7 ). Same as Ol through 
06 for exit from 3rd position of multiplicand 
to 3rd through 8th positions of product. 

021 ( 12SN7 ). Clipper and inverter for output to 
8 th position of product counter. 

022 through 027 (6 S K7). Same as Ol through 
06 for exit from 4th position of multiplicand 
to 4th through 9th positions of product. 

02S ( 12SN7 ). Clipper and inverter for output 
to 9th position of product. 

029 through 054 ( 6SK7 ). Same as Ol through 
06 for exit from 5th position of multiplicand 
to 5 th through 10th positions of product. 

03 5 ( 12SN7 ). Clipper and inverter for output 
to 10th position of product. 

036 through 041 (6SK7 ). Same as Ol through 
06 for exit from 6th position of multiplicand 
to 6th through 11th positions of product. 

042 ( 12SN7 ). Clipper and inverter for output 
to 11th position of product. 

P, R, S, T, U, V, chassis are the product counter 
chassis. 

Wl ( 12SN7 ). Carry and read-out trigger which 
turns on when 1st position of product coun¬ 
ter carries. Controls read-out from 1st posi¬ 
tion of product counter and carry from 1st 
to 2nd position. When carrying, W1 turns 
off at 14 of each adding cycle by pulse from 
B8; when reading out, turned off by B28 at 
punch mid-index point following carry. 

W2 (6SK7). Carry switch controlling carry from 
1st to 2nd position of product counter; Wl 
trigger conditions grid and suppressor is raised 
above cutoff from 10. 5 through 14 by B14 
to permit carry. 

W6, Wll, W16, W21, and W26 ( 12SN7 ). Same 


as Wl for positions 2 through 6 of product 
counter. 

W7, W12, W17, W22, and W27 ( 6SK7 ). Same 
as W2 for positions 2 through 6 of product 
counter. 

W15. Test socket for carry and read-out triggers 
in W chassis. 

All other tubes in W chassis not used; spare 
6SK7 and 25L6 tubes are mounted in these 
positions. 

XI, X 6 , Xll, X16, X21, and X26 ( 12SN7 ). 
Same as Wl for positions 7 through 12 of 
product counter. 

X2, X7, XI 2 , X17, and X22 ( 6SK7 ). Same as 
W2 for positions 7 through 11 of product 
counter. 

X5. Test socket for carry and read-out triggers 
in X chassis. 

X27 ( 6SK7 ). Dummy tube to fill out filament 
string. 

All other tubes in X chassis not used. 

Yl. Not used. 

Y2, Y5 (25L6). Power tubes in parallel used to 
energize punch magnet wired to 1st position 
of product counter under control of Y4i. 

Y4i (12SN7). Inverter controlling Y2 and Y3 
power tubes; conducts normally and is cut 
off when carry and read-out trigger for units 
position of product counter goes on. When 
Y4i stops conducting, the positive pulse at its 
anode is transmitted to the grids of Y2 and 
Y3 to allow conduction and thus energize the 
punch magnet. 

Y4i ( 12SN7 ). Same as Y4 t for 2nd position of 
product counter. 

Y5, Y6, YS, Y9, YU, Y12, Y14, Y15, Y17, and 
Y1S (2516). Same as Y2 and Y3 for 2nd 
through 6th positions of product counter. 

Y7, Y16. Not used. 

Y10/Y15 (12SN7). Same as Y4i for 3rd through 
6th positions of product counter. 

Z chassis is arranged just like the Y chassis and 
serves exactly the same purpose for product 
counter positions 7 through 12. 
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TR-Trigger 
SW-Switch 
F —Follower 
P - Power Tub# 


Indicates tube is conducting (ON side in case of trigger) 
r////'/M indicates pulses produced but not used 







